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Provides thin filmic markers 
which adhere instantly. ‘No 
heating, no moistening, and no 

tools necessary. Can be fixed at any point without 
disconnecting. Impervious to fluids, resistant to 
heat and remain permanent and always legible. 


Write for samples and full particulars. 


HERTS PHARMACEUTICALS LTD.WELWYN GARDEN CITY. HERTS 
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X-RAY MARKS THE SPOT! 


A mark on a radiograph, interpreted in mechanical engineering terms, may 
be instrumental in saving much wasted effort. The use of X-ray for the 
early detection of flaws in castings, forgings and weldings is saving man 
hours and helping to hasten the perfecting of new constructional techniques 
bowed Ensign industrial X-ray films combine a high standard of speed 
with the finely balanced definition, clarity and contrast required for radio- 
graphic inspection work and they can be depended upon to produce 


consistent and reliable radiographs with normal technique and processing. 


Ensign “ Mettaray is for use without Ensign ‘‘Mettascreen” is for use 
intensifying screens; recommended with intensifying screens for the 
for inspection of light metals and X-ray examination of heavier types 
alloy castings, etc., under normal of work with minimum period of 


periods of exposure. exposure. 


AN INVITATION—The services of the Ensign technical department are available 
to deal with enquiries regarding Ensign industrial X-ray films. Firms are invited 
to communicate with AUSTIN EDWARDS LTD., ENSIGN FILM WORKS, 
WARWICK (manufacturers of X-ray film for nearly 30 years). 


Definition, Clarity and Contrast witn SPEEDS 
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DEVELOPMENT OF PLASTICS INDUSTRY 





SIR HERBERT MORGAN’S SPEECH 





The Annual General Meeting of The British 
Homophone Company Ltd. was held in London 
on September 9th. Sir Herbert Morgan (the 
Chairman) said :— 

The directors’ report and accounts for the 
year ended 3lst March, 1943, have been circu- 
lated and | will now ask your permission to take 
them as read. 

The net profit for the year as shown by the 
accounts, after charging all taxation, amounts 
to £9,918. This compares with £8,536, the profit 
earned in the previous year. Our wholly owned 
subsidiary, Ebonestos Industries Limited, shows 
for the year to the 31st March, 1943, a net profit 
of £25,574, before taxation, compared with £7,401 
for 1942. The combined profit of The British 
Homophone Company Limited and Ebonestos 
{ndustries Limited for the period under review 
amounts to £19,030. In the last financial year it 
was £15,220. You will see from the directors’ 
report that the profit of both companies, before 
allowing for Excess Profits Tax and Income Tax, 
amounts to £37,142, showing an advance of 
£21,205. This demonstrates how severely our net 
earnings are restricted by Excess Profits Tax 

Certain items in the balance sheet call for 
comment. I am sure shareholders will be pleased 
to note that we have created a “General Reserve 
Account” of £14, 300. This we have been able 
to do because provision for taxation (made from 
a determination to be conservative in our view 
as to the actual sum to be provided) has proved 
to be unnecessary. I would also like to make 
it clear that the advances to Ebonestos Industries 
Limited, which have increased by approximately 
£18,000, have been entirely due to the expansion 
in that company’s turnover. 

The only other observation I feel necessary to 
make on the accounts is the provision for the 
proposed dividend amounting to £7,007. This 
has been set out in order to conform with the 
recommended practice of the Institute of 
Chartered Accountants. It enables shareholders 
to see more clearly the position of the company 
for the coming-year. Our turnover in both 
companies has seen a considerable increase, 
which is a proof of the value of our products. 
You will notice from the report that the proposed 
dividends which I shall ask you to confirm, 
again include payment to the Preference share- 
holders of an additional 2} per cent. 

Ebonestos Industries Limited is the most con- 
siderable portion of the manufacturing side of 
our business. It receives the fullest measure of 
support from various Government Departments 
and is engaged on work of importance to the 
national effort. This company plays a very 


prominent part in plastics development and is 
constantly adding to its resources, knowledge 
and experience, a fact that will enable it to take 





its full share in the future of the industry. As 
you know, Crystalate Limited owns the majority 
of our ordinary shares. We are working in the 
closest co-operation with them and the alliance 
is of material and mutual advantage. 

The past year has seen increased public in 
terest in plastics, which many agree are destined 
to play an important part in the post-war world. 
But it cannot be too clearly emphasized that 
while the plastics industry has many new fields 
open to it, plastics will only replace the use of 
other materials and methods when it is the best 
medium for the purpose. There has been much 
imaginative publicising of the uses of plastics, but 
the practical utility of many of the suggestions put 
forward must be doubted. Publicity such as I refer 
to has already inspired speculation in the shares 
of plastics companies and there are indications of 
many new ventures in that field. From my own 
knowledge of the industry I would suggest that 
some of these shares could easily reach a price 
which could bear no relation to the permanent 
earning capacity of the companies concern 

The fact should not be lost sight of that the 
plastics manufacturing resources of the country 
have been greatly added to during the war solely 
for the purposes of war. Therefore the important 
question arises as to whether all this increased 
productive capacity will be advantageously and 
economically employed for peace-time purposes. 
In any event, it will require great initiative and 
industry on the part of the trade rapidly to bridge 
over the transfer from the production of war 
material to peace-time necessities. This would 
be facilitated if further indications of the 
Government's post-war industrial policy were 
announced. The speed with which the change- 
over is made will affect not only our own in- 
dustry, but the whole of the trade of the country. 

I should like to tell the shareholders I believe 
we have one of the most efficient staffs in the 
trade, ably directed by my colleague, Mr. Jack 
Lesser, our General Manager and Managing 
Director of the Ebonestos Company, If all 
shareholders were as familiar with his work as 
I am, they would agree with me that he has 
merited an expression of our thanks. To this 
should be added the company’s appreciation of 
the work of the whole of our executive and 
every one of our loyal workers. 

Shortage of labour -in the past year has 
called for great effort on the part of the manage- 
ment to maintain production, and it is only 
fair to advise you that it is being found in- 
creasingly difficult to do this. 

The Report was adopted, and the fixed divi- 
dend of 7 per cent., and a participating dividend 
of 24 per cent. on the preference shares, and 
dividends of 7 per cent. and Is. 11°056d. on the 


ordinary shares were approved. 
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REAL ACHIEVEMENT 


More than a century ago when the “Royal 
William” set up a record for crossing the 
Atlantic in twenty-one days, the production of 


Lb K.E. Steels was in its infancy. 
at LZ My Y OY During succeeding years, the introduction of 
Os Yj many outstanding K.E. Special Steels has helped 
ie Sy to bring about numerous achievements of both 


national and international fame. To-day the 
name of Kayser Ellison is more than ever 
synonymous with the thought of Special Steels 
for every purpose. 


KE/"STEELS 


K.E. 961 and other K.E. Special Steels for 
Mould Die Work—in Forgings or Bars, black 
rolled or precision ground finish. 








(KAYSER {E LLISON () & CO. LTD.) 


CARLISLE STEEL WORKS, SHEFFIELD. EST. IN 1825 





London Stockists (except for Stainless Steels) : 
FARMER, STEDALL & CO., 145-157 St. John Street, Clerkenwell, E.C. 1. 
London Stockists for Stainless Steels : 


MACREADY’S METAL CO. LTD., 131-135 Pentonville Road, London, N. 1. 
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THE EYES HAVE IT. The eyes have fair 





play when the lighting is planned by the Crompton 
Lighting Service, using the correct Crompton Lamps. 
This combination of experience, knowledge and 
resources assures the highest visual efficiency . . . 


Cc ROM Yori al eS 


FOR CORRECT LIGHTING 
, FLUORESCENT = 
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Telephone: Temple Bar 5911 Telegrams: Crompark, estrand, Londo. 
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TYPE V.R.B. Capacity 8°8 
cu. ft. Range includes ma- 
chines from 1°28 cu. ft. (8 
gals.) to 36 cu. ft. (225 gals.). 
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DUPLEX 
MIXERS 


of remarkable achievement 


A new design in Duplex Mixers for still greater 
efficiency in the mixing and blending of Plastics, 
Bakelite, Ebonite, Batter Compounds, Rub- 
ber Sheeting Doughs, Latex Compounds, 
etc. Whatever the mixing operation 
required, whether for doughs, heavy 
creams, or alternately for pulping or 
shredding, Morton ‘ Duplex’’ Mixers 
are designed in a variety of models 
and sizes to give greater or lesser 
intensive action according to indi- 
vidual needs. Supplied for working 
under vacuum or steam jacketed. 


MORTON MACHINE COMPANY LIMITED 


1 BRIXTON ROAD: KENNINGTON LONDON S W939 


TELEPHONE RELIANCE 3609 














LET your operators see the job 
they are on and you need not 
wotty about your production 
figures. Anglepoise is a defin- 
ite modern aid to efficiency. 
It cuts out eyestrain and industrial 
fatigue with its clear flickerless 
beam right on the job, not in the 
worker’s eyes. 

On lathes, milling machines, power 
drills—wherever the work demands 
a lighting unit so mounted that it’s 
always on the job yet never in the 
way—Ariglepoise is to be found in 
progressive concerns all over the 
country. 

It takes up any angle at a touch and 
stays put, rock steady, yet moves at 
a finger touch from one end of the 
machine to the other—inch by inch, 
to follow the work as it progresses. 
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NSTAL THE LAMP THAT ENDS 


nihustvial Eyestrain 


AND STEPS UP OUTPUT 

















Note the a @ 


OUT OF THE WAY! DOWNALITTLE! STILL NEARER! RIGHT ON THE /O8 





Pat. all countries. Write today for 
further information. 


Te eRRY 


ANGLEPOISE LAMP 


Sole Makers: 
HERBERT TERRY & SONS LTD., REDDITCH 


T.A.1, 
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MOULDED COMPONENTS (JABLO) LTD: 


PIONEERS IN 
LAMINATED PLASTICS 


10 ire LIMITED 
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UBBER & PLASTIC 


MOULDINGS 


Oe 


Reliance 


CONTRACTORS TO PRINCIPAL GOVERNMENT DEPARTMENTS 


RELIANCE RUBBER COMPANY LTD. 


CREMORNE WORKS, LOTS ROAD, CHELSEA, LONDON, S.W.10 
Telegrams: DOORSTOP, FULROAD, LONDON. Telephones: FLAXMAN 6200 and 4263 





OUR 54 years of 


experience on 
precision work on 
mass-production lines is 
at your service. 


A.1.D.: APPROVED 


WE WORK DAY 
AND NIGHT 












HE illustration shows 

a recent installation 
complete with sufficient 
instruments to ensure a 
thorough knowledge of 
fuel efficiency at all times. 
To insist on boilers by 
Edwin Danks & Co. (Old- 
bury) Ltd. is to support the 
Government's demand for 
economy in the use of fuel 


EDWIN DANKS & CO. (OLDBURY) LTD. 


OLOBURY, Near BIRMINGHAM Phone: Broadwell 138! 23 London Office: 32 FARRINGDON STREET, EC 4 
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Ringwood Road, London, E17 


Phone: KEYstone #254 - Grams - Elmicmer, Phone, London. 
PEERS pee satan 


ELECTRICAL INSULATION IN MICA & MICANITE 
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FOR EVERY APPLICATION 
Send us your enquiries. A 
Technical Representative 
will be pleased to call and 
discuss mouldings with you. 
The moulding : , || || 
cee a a : . dL Ld Na Ned Lo Ned ide 
George Kent Ltd., : $: HESTER ROE : 
Luton. “a 











For the grinding of 
all kinds of Powders, 
Chemicals, Minerals, 


EXTRUDED Colours, Paints, Enamels, 


tc. Supplied lined with 
ELECTRICAL hard Porcelain, in, a special 
INSULATION linings, and can be insulated to suit 


particular classes of work. 


. Send for our free illustrated literature. 
. . STEELE & COWLISHAW, 
MM Engineers 
(Dept. No. 27), COOPER STREET, 
HANLEY, STOKE-ON-TRENT. 
London Office: 329, High Holborn, W.C.1. 
Telephone: Holborn 6023. 


TENAPLAS LTD., 7 PARK LANE, LONDON, W.1 Heahly 4 4 A; lhy's &, - PA Grinding 
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You know, of course, that plastics, 
because of certain obvious advant- 


ages, are replacing older and 
orthodox materials in all branches 
of industry. But do you know that 
Ferobestos, the hard-wearing 
laminated plastic 

(1) does not swell in water or 
aqueous solutions. 

(2) withstands temperatures up to 
350° C. 

(3) is chemically resistant to all but 
the strongest acids and alkalis. 
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DO YOU 
KNOW? 


(4) can be lubricated by oil, water 
or aqueous solutions (therefore is 
ideal for bushes—special grades can 
be supplied for dry running). 

What a range of possibilities Fero- 
bestos Plastic Products open up! 
Tell us your needs—whether in sheet 
form, rods or tubes or moulded to 
your special designs — and. our 
Technical Department will gladly 
collaborate in solving your problems. 
Fuller information sent on request. 


FEROBESTOS 


Plastic Products 


LIMITED 


MADE BY FERODO 


(REGISTERED) 


CHAPEL-EN-LEsFRITH 


















Shannograph filing is 100% accurate 
and 20% - 30% faster. The flat-top 
permits instant location of folders, 
infinite variety of indexing and fixed 
or movable signalling on the Visible 
Edge for Production Control, etc. 
Frames fit any standard filing 


cabinet or deep desk drawer. 


To comply with Paper Control Order 48, 
please send Id. postage stamp for 
leafle:. 





nannon 
IMPERIAL HOUSE 


(Dept.D.9) 

15-19 KINGSWAY, 
LONDON, W.C.2 
And at Birmingham, Liverpool, 
Bristol, Manchester, Newcastle, 
Glasgow (Agent). 
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FAWCETT PRESTON 


BROMBOROUGH + CHESHIRE 
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DURATUBE & WIRE. LTD. 





FAGGS ROAD. FELTHAM, MIDDLESEX 


YOUR ELECTRICAL WORK 
AND BE SURE 
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FOR PLASTIC MOULDS 


THOS. FIRTH & JOHN BROWN LTD 
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’ Principles’ that evoke high'interests |’ 


The basic principles of design that mark the superiority of ‘‘ Beken” Mixers 
over all others lie in their patent intermeshing blades. Atl mixing is done 
between the blades only, and NOT between the blades and the pans. This 
process gives a true homogeneous mix . . . quickly and economically . . 
and the resultant fine quality of 

the finished product makes the 

‘“‘ Beken ” Mixer a highly profitable 

investment. The illustration shows 

a front view of the PTA Mixer, with 

the pan partly tipped for discharge. 


BE 


dititeron: LAWINO (LO NDO y) LTD. heer sr8 


103, KINGSWAY, LONDON.W.C.2. 


wes: E HUNT&CO..LTD. 


RIPPLE ROAD, BARKING, ESSEX. 














cision engineering 
experience behind them 


Cornercroft are looking 


ahead, and are prepared 


to receive enquiries for 
urgent priority work, the 


production of tools for 


G 


ornerer (PLASTICS) L™ 


(Subsidiary of Cornercroft Ltd.) ACE WORKS COVENTRY 
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After being more or less mystery 
materials for many years, plastics 
have now emerged from obscurity, 
and today are in the limelight of. | 
public scrutiny. We have felt there- 
fore, that the public should’ know 
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played in the developmentof plastics 


,' at 
to their present degree of utility. © 


We are doing this without Wellsian 
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fantasy or unbalanced overstatement © 
in the national press. Whilst we. 


visualise tremendous possibilities— 


- we work realistically with our feet 
on the ground and are trying to give 


the public a true and proportioned 
picture of the place of plastics in 


» the brave new world. 
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Wien at last Thor’s hammer is 
laid aside and our war factories are 
re-equipped to produce the fruits of 
victory, one of the factors on which 
the success of that gigantic switchover 
will hinge is design. It is not just a 
question of taking up the old tools 
and patterns and starting where we 
left offin 1939. In these few years of 
war, science, as well as social thought, 
has taken a forward leap normal to a 
couple of decades. New methods and 
materials now confined to war industry 


will be available to all for peacetime 
application. New plastics and new 
developments in the older plastics 
will call for a new outlook on in- 
dustrial design. Bakelite Limited are 
trying now to form that outlook, and 
have created an Industrial Design unit 
to help to visualise the trends of the 
immediate post-war years. Their ad- 
vice is available to any manufacturer 
who feels that plastics may contribute 
in bringing the design of his product 
into line with tomorrow. 


BAKELITE LIMITED, 18, GROSVENOR GARDENS, LONDON, S.W.I 


BAKELITE 


TREFOIL 


PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World aus 
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: More thanever is paper waste required for our war : 
: industries. Waste paper makes munitions in a : 
i hundred forms—from shell cases to aeroplaneparts. : 








: The fact that goods made of raw materials in : 
: short supply because of war conditions are : 
: advertised in this journal should not be taken as : 
: an indication that they are necessarily available : 
: for export. : 
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Plywood 


ow a previous issue we said that willy- 
nilly the plywood industry was indis- 
solubly married to that section of the 
plastics industry which produces syn- 
thetic adhesives. Indeed, both parties 
will the present position, since each 
recognizes the tremendous future of the 
new material of construction—for that is 
what it has become. 

Plywood always was a _ remarkable 
material even before the advent of the 
new glues. Of great strength and yet 
cheap it could be made into sizes incom- 
parably larger than could be cut from 
timber. Yet its weak link was the glue, 
which, derived from animal or vegetable 
origin, contained the elements of decay; 
a protein such as animal glue or casein 
does not resist water well and is as 
nutritious a food for bacteria and insects 
as it can be for human beings. Thus 
the plywood made on such a basis broke 
up after a relatively short period and 
obviously could not be employed for 
important ‘‘ outdoor ’’ application. 

The new glues, phenolic and urea 
types, have so lifted plywood out of the 
comparatively narrow confines of its 
utility as to bring into view not only 
every other market previously held by 
timber but many others which timber, 
because of its limitations, could not itself 
enter. Exterior and interior applications, 
both artistic and constructional, are the 
new fields open to modern plywood. 

It is therefore meet, said the plywood 
industry, that we should know something 
about the new materials and about 
plastics in general. 

With thts laudable object, the Plywood 
Luncheon Club, whose members include 
most of the leading lights in the industry, 
recently invited two prominent persons in 
the plastics industry, Major S. M. Mohr, 
chairman of British Plastics Federation 
and managing director of British Tego 





Gluefilm, Ltd., and Mr. Kenneth Chance, 
chairman of the Institute of the Plastics 
Industry and chairman of British Indus- 
trial Plastics, Ltd., to tell their stories. 

Both told them well—the general story 
of plastics and then, in particular, those 
sections of it which in recent years have, 
in forms different from those used in the 
moulding industry, been so resoundingly 
successful as glues. Major Mohr referred 
especially to the phenolic glues with stress 
on Tego film glue. He told a fascinating 
story of how it came to this country and 
how his company has increased produc- 
tion from x x 106 sq. ft. per annum (we 
are not allowed to mention the value of x 
for security reasons!) to 4x x 108 sq. ft. 
per annum, during the war period. 

Of the great part plastics, and more 
specifically synthetic bonding materials, 
had played in the construction of muni- 
tions and the machines of war, both 
speakers told good stories ranging from 
the production of aerial masts to pilot 
seats. 


Processes for Plywood Manufacture 


Major Mohr closed his remarks by 
references to new processes which would 
contribute to future plywood fabrication, 
the flexible (rubber) bag moulding 
process which seemed best for compound 
curvature production and to the growing 
use of high-frequency electrostatic heat- 
ing processes using 20 to 100 megacycles. 
This was a most promising process for 
thick structures of plywood, the glue film 
being electrolyte in character, getting hot 
while the wood remained comparatively 
cold. He also mentioned an interesting 
process of joining steel structures by 
bonding with a Tego film built up on 
a fine wire mesh, heated by low voltage 
current. Mr. Kenneth Chance’s story 
was confined mainly to the story of urea 
glues, how they came to be manufac- 
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tured in this country, and how they have 
been improved since their introduction 
until they are superior to foreign makes. 
As a remarkable instance of this he 
referred to American published figures for 
the maximum strengths of plywood 
bonded with American urea glues. These 
are: tensile strength, 26,600 lb./sq. in. 
and compression strength, 14,000 Ib./ 
sq. in. The comparative maximum 
figures obtained in this country, using 
British glues, are 40,000 Ib./sq. in. and 
21,000 respectively. 

As a tribute to British workmanship 
he gave two examples which cannot be 
too often repeated—the wooden airscrew, 
by which the Battle of Britain was won, 
and the Mosquito, the entirely wooden 
aeroplane, the fastest in operation in the 
world, also bonded by synthetic resins. 


Definitions—Good and Bad 


It became very soon evident that the 
members of the Plywood Luncheon Club 
knew a great deal about synthetic glues, 
even if they knew little about true plastics 
and the plastics industry. They seemed 
highly indignant, in a polite way, that 
the words plastics and plywood should 
ever appear in juxtaposition. We 
sympathize with the view, for plywood 
is plywood irrespective of the glue and 
is very far from being a true plastic. Mr. 
Chance was careful, enough to point out 
that the use by irresponsible journalism 
of expressions such as “ plastic aero- 
plane ’’’ was as quickly rejected by the 
British plastics industry as it was by 
themselves. It was strange to hear, how- 
ever, from a later speaker, that the 
expression ‘‘ resin-bonded plywood ’’ is 
frowned at by authority and that in future 
the words ‘‘ plywood—exterior grade ”’ 
are to be used. This surely is a retro- 
grade step. Before it knows where it is 
the plywood industry will be supplying 
resin-bonded plywood for structural (as 
distinct from decorative) interior ply- 
wood. Indeed, structural engineers are 
already using it (and calling it resin- 
bonded plywood) for partition walls and 
floors, where the old type of plywood 
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interior grade would be inadvisable or 
even dangerous. 

Mr. Chance urged finally the necessity 
for close co-operation between the plastics 
industry and the plywood manufacturers. 
Both sides knew a great deal about their 
own material and certainly the manufac- 
turers of synthetic resins were carrying 
out a great deal of research work on their 
applications for veneer bonding. This 
work could attain its maximum results 
only if complete co-operation with resin 
users existed. 

At the meeting it was disclosed that 
British Industrial Plastics, Ltd:., ‘has 
entered into an agreement with Associated 
Insulation Products, Ltd., to fuse the 
interests of both in the manufacture of 
synthetic glues. 


Plastic Water Pipes 


E recent announcement in Canadian 
engineering journals that plastic pipes 
for conveying water underground are 
being manufactured in the Dominion has 
brought several inquiries regarding such 
possibilities. It is also stated that the 
pipes employed are 14 ins. in diameter 
and that diameters up to 6 ins. are 
expected in the near future. 

Among ‘the advantages claimed are 
lightness (presumably this is only an 
advantage during transport and hand- 
ling), and the fact that freezing of water 
within the pipes does not take place. This 
latter problem is of extreme importance 
in Canada where very low temperatures 
below ground are encountered; it is of 
much less interest here since burst under- 
ground pipes are comparatively rare. 

In this country there is every justifica-— 
tion, given long life, for the introduction 
of overground plastic water pipes for use 
in households, where they would often 
eliminate the terrible bugbear of burst 
pipes that afflicts this country, with its 
attendant waste of man-power and costly 
replacements. The poor heat conductivity 
of plastics might well play an important 
part in our domestic economy. 

While plastic pipes for the conduction 
of beer, of acids: and of other chemicals 
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are well known, we cannot therefore 
assume that they are also sound economic 
propositions in the home. The plastic 
chemical pipe has a longer life than 
almost all metal pipes, but so great is 
corrosion in the metal variety that the 
chemical manufacturer is delighted with 
any increase, however small. Thus, pre- 
suming a metal pipe lasts one year, he is 
extremely pleased if a plastic or other 
non-metal pipe lasts for two; there is also 
the great advantage of purity of product. 

Obviously, the domestic pipe must 
have a long life, many times longer than 
would satisfy the chemical manufacturer. 
The conditions are very mild, but figures 
for longevity are not unnaturally entirely 
lacking. We await the courageous indi- 
vidual who will install a complete plastic 
water system in this country to examine 
its value. 


Plastics for Engineers 
WE believe that every book on plastics 

published in this country until now 
has been written by chemists. This 
follows naturally from the structure of the 
industry, which from the production point 
of view is based on chemical science. 
Within the moulding industry, which is 
almost entirely an engineering science, no 
engineer has yet put into book form the 
history and present methods of dealing 
with the problems that face it. Such a 
book is urgently needed. 

There is another kind of book which 
hitherto has been lacking in this country. 
We have always insisted that when the 
mechanical and_ structural engineer 
begins to employ plastic materials for 
some of his structure, then the plastics 
industry would be set firmly on its feet, 
and a new and vast field of application 
would be open to it. That time has 
arrived and the book telling the engineer 
what materials are available, analysing 
their physical properties in detail, and 
how they can be worked by traditional or 
modified traditional engineering means, 
has now appeared, under the title of 
‘‘ Handbook of Engineering Plastics.’’ 

The author is Mr. D. Warburton 
Brown, who has already written many 
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valuable articles on this subject in this 
journal. An engineer himself with a long 
experience of working plastics, especially 
in the form of resin-treated wooden air- 
screws and plastic gears and bearings, he 
is eminently suited for the job, since he 
knows what information the mechanical 
and constructional engineer requires. He 
has therefore contributed a unique service 
to our industry. 

Among the chapters we find: Materials 
and Manufacture, simply explained in 
non-chemical terms; Physical Properties 
of Plastics, profusely illustrated with 
temperature-strength curves for various 
types; Fatigue Properties of Plastics; 
Creep and Cold Flow; Tests and Specifica- 
tions; Plastics for Gears; Plastics for 
Bearings; Transparent Plastic Models (for 
engineering research); Metal Coating of 
Plastics; Machining of Plastics; Synthetic 
Adhesives; Mould Design; Plant and 
Equipment, etc. There are two short but 
excellent appendices dealing with X-ray 
examination and the welding of plastics. 

The handbook is so_ useful that 
academic criticism may be somewhat out 
of place, but for clarity we should like to 
point to certain statements which do not 
accord with general opinion. For 
example, in his introduction he makes his 
definition of plastics as materials pro- 
duced by synthesis, whereas neither 
cellulose nor casein plastics are synthetic. 
A curious inclusion among the list of 
plastics is the material called Pytram; the 
author himself seems diffident about 
including it. It is the well-known struc- 
ture built up by bonding layers of special 
thick paper with vegetable adhesives on 
plaster formers and allowed to air dry. 
It possesses: many valuable applications 
and is indeed used in aircraft construc- 
tion. We mention this as a curious inclu- 
sion because a _ substance such as 
“‘vulcanized’’ fibre made by hardening 
cellulose or paper with zinc chloride 
would appear to have a prior right to be 
included in the plastics family. 

‘* Handbook of Engineering Plastics,’’ 
by D. Warburton Brown, A.M.I.A.E., 
pp. 216. Published by George Newnes, 
Ltd. Price 17s. 6d. net. 
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Metallizing Plastics 


(continued) 


A Complete Survey and Critical Study 

of the Modern Methods of Metal 

Film Formation on Plastics for their 
Protection and Decoration 


4. Superficial Metal Layers Moulded or 
Pressed on the Material or Interior Layers 
Pressed in Phenolic Laminated Boards 

From the previous sections of this 
article it will have been deduced that 
there is a real requirement in the electri- 
cal industry for a metal-faced insulating 
board. The main synthetic plastic sheet 
material used is the phenolic paper or 
fabric laminated known, in British Stan- 
dard Specification nomenclature, as 
synthetic resin bonded paper or fabric 
sheet. This material caters for a very 
wide field of requirements, existing in 
numerous grades to meet the needs of 
various. electrical characteristics, 
mechanical properties and _ fabrication 
demands. From these, one of several 
essential qualities can usually be fulfilled, 
so that these laminated materials find 
unchallenged application in apparatus 
ranging from that demanding inexpensive 
insulation for low-voltage work in which 
electrical requirements may not be 
severe, through the material that provides 
good insulation resistance and high elec- 
trical strength for frequencies up to 1,000 
cycles, to that of very high electrical 
quality employed at the radio frequencies 
of a megacycle or more. 

With this array of grades from which 
appropriate material can be selected, it 
may surprise some readers that separate 
operations of metallizing have to be 
employed, and that metal-faced material, 
in which the superficial metal layer is 
incorporated in the press in which the 
sheet material is produced, is not com- 
mercially available. Undoubtedly it will 
be in the future when the war-time deve- 
lopments can be sifted and applied, and 
the requirements of the future assessed 
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in their proper perspective. Meanwhile, 
the reasons for its non-appearance can 
be speculated upon. Primarily, it can be 
said that appreciation of its need has only 
been fully realized in recent years and 
that attention was being given to its pro- 
duction shortly before the war. Subsidi- 
arily, it is by no means so simple a 
proposition as would appear at first sight. 
The ideal would be met by a foil of 
copper or aluminium, not necessarily of 
the thin gauge used in electrical con- 
densers and in _ packaging (about 
9.0002 in. thick), but if essential for 
‘* flatness,’’ from 0.002 to 0.003 in. thick, 
similar to the aluminium and light alloy 
foils used for acoustic diaphragms. The 
very thin gauges would give troubles 
from cockling and tearing, admittedly 
only an appearance defect in many cases, 
but sufficiently objectionable to render 
commercialization unattractive. The 
thicker gauges may give adhesion 
troubles which would also be present with 
the thin materials, although less apparent 
in the latter. It is a fact that the phenolic 
synthetic resins, without modifying 
agents, do not show good adhesion to 
flat metal surfaces under the conditions 
obtaining in the press production of 
sheets. One method of overcoming this 
in other spheres has been to use a heavily 
shellac-coated paper adjacent to the 
metal surface, and the inclusion of such 
a lamination for metal-faced phenolic 
laminated sheet material is a feasibility. 

For securing thin metal foils, a thin 
shellaced paper, e.g., 0.001 in., would 
be advocated, but for thicker metal 
layers it is considered that a stouter 
material from 0.0035 in. to 0.005 in. in 
thickness would be required. These 
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Table 23.—Laboratory Characteristics of Commercial Shellac Coated Papers. (Thin 
‘‘Hydrated’’ Paper Base Type.) 








Sample No... & Pre ey es I 2 3 < 
Colour .. Colourless Yellowish brown | Yellowish brown Colourless 
Thickness overall, average inches 0.0017 0.0011 0.0010 0.0013 
Thickness paper base, average inches 0.0010 0.0007 0.0006 0.0010 
Weight basis, grams/sq. metre S75 30.5 33.5 49.0 
Bursting strength (Ashcroft), Ib. ‘sq. in. 

eee vs a -* ae - 4.9 4.0 3.0 4.8 

Mean .. a “ = ne 6.5 4.6 3.9 6.3 

Max. .. : os “* - 8.1 5.5 4.6 7.8 
Shellac varnish content % .. és i 36.5 35.5 46.0 30.0 

















thicker papers would need a heavy shellac 
content, the ratio of shellac to paper base 
being of the order of 1/1. Table 23 
shows the characteristics of commercially 
available thin shellac base paper, and 
No. 24 of thicker types. Table 25 


Table 24.—Laboratory Characteristics of 
Commercial Shellac Coated Papers. 
(Kraft Paper Base Type.) 





Sample No. is on t 2 3 





Colour Orange | Orange | Orange 


Thickness overall, 


average inches | 0.0055/| 0.0045/ 0.0045 
Thickness paper base, 

average inches | 0.0025 | 0.0025| 0.0030 
Shellac content % 60.0 50.0 35.0 














gives details of papers coated on site by 
brush and spray methods. The shellac 
employed was the pale orange variety of 
high grade, and the solvent was indus- 
trial methylated spirit of 64 O.P. grade. 

Fig. 12 shows’ diagrammatically 
the metal-faced construction the writer 


has in mind. The principle has been 
shown to be practicable for small-scale 
working, but whether applicable to the 
standard sheet sizes of about 40 ins. by 
40 ins. has not yet apparently been tried. 

The ordinary spirit soluble phenolic 
resins do not perform satisfactorily in this 
application, but some of the oil-base 
phenolic resin varnishes give more 
promise with respect to adhesion to 
metallic surfaces, so that there is a 
further possibility of development in this 


direction. Certain it is that such metal- 
faced materials have application in 
industry. 

Metallized laminated sheet material 


that has been produced commercially is 
that having a thin aluminium foil cen- 
trally positioned. A specific purpose to 
which this metal sandwich board has 
been put is for panels carrying small 
lamps, the heat from which tends to dis- 
colour the light pastel shades of surface 
veneers. The metallized sandwich 
material causes the heat to be conducted 
away from the region at which developed 
sufficiently rapidly to eliminate the over- 
heated effect entirely. In electrical appli- 


Table 25.—Laboratory Characteristics of 0.003” Kraft Paper Shellac Coated Heavily Both 
Sides with 50% Shellac Solution. 











Sample No. | 2 3 4 
Method of application. . Sprayed Sprayed Brushed Brushed 
Shellac content °% 51.9 46.8 33.5 34.6 
Thickness overall, average inches ., 0.006 0.006 0.0045 0.0045 
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< 

Fig. 13.—Metal foil laminated board con- 

struction. A, surface layer of metal foil ; 

B, intermediate layer of shellacked paper 

or fabric; CC, orthodox bakelised paper 
or fabric lamine. 


cations, of course, it has to be borne in 
mind that the conducting metal layer 
extends through the board and cannot 
easily be removed by cutting back, for 
example, at drilled holes. The latter may 
therefore require bushing with insulation. 

Table 26 gives a few brief test 
results upon a commercial electrical 
board of this type intended for panels. 
The material has a core of high-grade 
synthetic resin-bonded paper of quality 
equal to that of BSS 547. The super- 
ficial veneers are of amino resin type, 
coloured in pastel shade. It will be noted 
that the water absorption values are low 
and that the volatiles driven off by dry 
heat at 110 degrees C. are not excessive. 
The amino resin faces blistered under the 
heat test, but this would be expected. 
It is considered that a very important 
fact is that no delamination took place, 
even along the foil layer. 

For better visualization, the test results 
from Table 26 are shown graphically 
in Fig. 14 for the weight loss on heating 
at 110 degrees C., and in Fig. 15 for 
the water absorption. On these curves 
are also shown for guidance typical 
results that would be anticipated for }-in. 
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boards under the same conditions for the 
high-quality electrical material to BSS 
547 and for the ordinary electrical quality 
to BSS 316. 


With the thermo-plastic materials, no 
developments with respect to metallized 
surfaces that come within this section 
have entered the writer’s purview. In 
the case of moulded plastics, there are 
all the examples of metal inserts that 
may be moulded in, pressed in after 
moulding preferably while the article is 
still hot, or fixed by inserting and stick- 
ing or cementing after moulding. 
Although none of these cases comes 
strictly within this category, it is pointed 
out that metal style bars and decorative 
bands, as well as metal plates, all usually 
finished in polished chrome, are attached 
to large mouldings of the phenolic resin 
type by ‘‘ moulding-in.’’ In nearly all 
cases, specific attention is given to fixing. 
Thus reverse faces are usually serrated 
and the parts have projections in the 
form of posts either threaded or knurled. 
Further, design of moulding has to be 
such that no thin sections, or abrupt 
changes in cross-sectional area, occur 
to promote cracking. 


5. Securing Superficial Layers 

The need for metal-faced phenolic 
laminated in the electrical industry has 
to be met by commercial offers of the 
appropriate grades of plastic boards hav- 
ing metal sheets secured with a rubber- 
based adhesive. To conform to the light- 
ness of the plastic, the metal sheets 


Table 26.—Test Resuits on Laminated Board with Aluminium Foil Interleaving (Phenolic 
Resin Laminated Core, Amino Resin Veneers, Overall Thickness 4 in.). 





Test conditions 








Test ported Loss tn. weiehe 9 d 0° Gain in weight % on water immersion 
ght % on dry heat at 1 10°C. at 20/250°C. 
6 hours,, Be 1.05 - 
PO ss ot 1.54 0.30 
3days .. se 4.15 0.63 
21 days... ‘4 5.45 1.75 


Concition at 


end of test on both faces. Core unaffected. 





Amino resin faces somewhat blistered and cracked 


delaminate from edges along any plane 


No deterioration whatsoever. Could not 


Could not delaminate from edges along any plane 
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Fig. 14.—Loss in weight of laminated 
board at 110°C. 


should be of aluminium or light alloy, 
but the war conditions prohibit this as a 
general rule, so that copper, the electrical 
equivalent, is used. Copper-faced sheets 
having copper up to 7, in. thickness have 
been produced. The adhesive used has 
been one of the special, proprietary 
rubber-based materials. The bond is 
excellent in the as-received condition, 
and withstands fabrication processes and 
shop handling successfully. It is satis- 
factory under damp conditions, e.g., 
water immersion, but not assured under 
continuous dry heat, even at 60 degrees 
C. For panel work, with the panels fixed 
in position, either by bolting or sprung 
into a framework, these metal-faced 
panels should give good service. They 
are, however, a long way from the final 
answer to metal-faced plastics. 

Where the user requires to secure 
metal facings to plastics by means of 
adhesive, there are many methods avail- 
able. These have been discussed already 
at length in past issues of ‘‘ Plastics,’’ 
so that brief reference only is needed. 

For thin gauges of metal over large 
areas, and including heavier gauges over 
smaller areas, attention is drawn to the 
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range of thermo-plastic solutions of the 
polyvinyl acetate, vinylite and gelva 
types. These are clean to use, and air 
drying. Some problems are better solved 


- with baking cements, using the shellac/ 


filler or phenolic resin/filler varieties. 

A need for cellulose acetate coated one 
side with aluminium foil, or in the form 
of a sandwich between two foils, exists 
as a waterproof packing material. It is 
believed that such materials have not 
been comercialized, although they have 
been attempted, using a wax bond. It 
is also considered that a combination of 
cellulose acetate and aluminium foil 
““ self sealed,’’ but with a marginal area 
of acetate only, would be really useful for 
fixed condensers, breaking into the field 
held by paper at the moment, and that 
a combination of polystyrene film and 
aluminium or tin foil would enter the 
sphere factor values. These, however, 
are developments for the future, and they 
will demand very specialized attention by 
virtue of the several electrical features 
involved. The variqus thermoplastic 
adhesive solutions will find use in the 
preparation of some of these products, 
polyvinyl acetate base products for metal 
foils to cellulose acetate and to acrylic 
resin plastics, and polystyrene adhesives 
for polystyrene base materials. 


PER CENT. GAIN IN WEIGHT 
~ . 


x 





PERIOD OF WATER IMMERSION IN DAYS 


Fig. 15.—Water absorption of phenolic 
laminated board. 
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PROCESSING OF 
POLYVINYL CHLORIDE 


Is it Possible to do Away with the Mixer ? 


The Drawbacks of the “ Rubber’’-type Mixer are Described and Novel Sugges- 
tions by Alternative Methods Useful Especially to Small Factories are Made 


By P. PASELLI* 


HE basic machine in the whole pro- 

cessing of natural or synthetic rubber 
and many polyvinyl compounds is a 
mixer with cylinders which rotate at 
different speeds. This machine plays a 
principal and, until now, an indispensable 
part in the preparation of polyvinyl 
chloride either in its solid or its plastic- 
ized state. In order to obtain a homo- 
geneous mixture of the powdered syn- 
thetic resin with the plasticizer it is 
necessary to heat the mass to a tempera- 
ture at which it becomes gelatinous (150 
degrees to 160 degrees C.), and at the 
same time to mix it so that the mixture 
may be homogeneous and free from 
lumps. By this method, for which a 
mixer is used with cylinders heated in 
different ways (by steam or superheated 
steam, by hot oil or by electricity), a hot 
pliable paste of plasticized resin is 
obtained, elastic in its cold state and alto- 
gether like a rubber mixture. 

This paste can be used for the produc- 
tion of finished objects, e.g., by pressure 
moulding, extrusion, hot pressing, etc. 

Mixing is the most costly process in the 
whole preparation, for besides the high 
price of the machine there is a consider- 
able consumption of electricity, as well as 
the heating of the cylinder to 160 degrees 
C., in whatever way this is carried out. 

Hitherto in the preparation of rubber, 
with which polyvinyl chloride has much 
in common, it was considered impossible 
to do without the mixer, which has 
always been considered an absolutely 
essential part, but  recentlyf some 
advances have been made which, besides 


considerably simplifying the whole prac- 
tice of preparing the mixture with 
plasticizers and moulding it into certain 
objects, has led to the abolition of the 
mixer. 

One must, in fact, consider that with 
rubber a period of breaking up of the 
slabs is necessary, a process indispensable 
if the material is to become plastic (and 
in this case there is a development of 
heat and a considerable absorption of 
energy). With P.V.C. this breaking 
down does not exist, and, indeed, 
cylinders of the mixer are heated instead 
of cooled; less energy is absorbed, and 
in this case the machine can be considered 
to be a preheating apparatus, for it is in 
this sense that it acts. 

The possibility of eliminating the mixer 
is a great advantage to those industries 
which specialize in mass production of 
articles and to those smaller firms who 
would find it too great a burden to 
acquire one, but the real importance of 
this innovation is the possibility of work- 
ing continuously ; that is to say, avoiding 
interruptions due to the different loads 
on the mixer, or, at any rate, abolishing 
the storing of sheet prepared in advance 
which before moulding or pressing oftet. 
first requires preheating sometimes for 
quite a length of time. 


Preparation of the Mixture 


The procedure consists in introducing 
a mixture of the powder and plasticizer 





***Materie Plastiche,” 21/1942, 124. 
Note.—The raw material described is P.V.C., sold 


under the name of Vipla. 
+G. Wick, A. Iloff, Kunstoffe, 5, 137/1942. 
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Fig. 1.—Screw extru- 
sion press for -the 




















homogenization and 
gelatinization of 














a, Pressure. b and c, Cooling water. d, Die containing hot mixture. e, Water circulation. 
f, Screw casing at 160°-170°C. g, Pliable mixture at 160°C. h, Hopper for powder and plasticizer. 


(Fig. 1) into a screw extrusion press with 
a wide, heated chamber. The movement 
of the screw and the heat cause the con- 
tents to form a homogeneous gelatinous 
mass, which issues from the opening in 
the form of a rod ready for further 
working ; naturally, the chamber must be 
sufficiently long and the screw must also 
be heated by circulating steam. 

The other method shown in Fig. 4 can 
be applied to injection moulding with a 
hot, soft, adequately plasticized mixture, 
and consists in injecting by means of a 
piston a fluid paste of the powdered resin 
and plasticizer into a cylinder heated by 
oil and leaving it there long enough for it 
to become gelatinous. The mixture to 
use in these two methods of processing 


Fig. 2. — Moulding of 
P.V.C. hot paste in 
cooled mould. 


a, Pressure by hand-operated 

bar. b, Metal bar. c, Hot 

mixture introduced here from 

extrusion press. d and g, 

Water. e, Split aluminium 

mould. f, Water-cooled metal 
block. | h, Flash. 


must not differ much from the following 
proportions:— 


P.V.C. powder .. 50 parts 
Tricresylphosphate ... 26 parts 
Viniplasto U ... 24 parts 


Moulding by Press and Hand Lever 


There have also been considerable 
improvements in the art of moulding, 
tending above all to avoid the heating 
and subsequent cooling of the mould 
before opening; as is known, until now, 
repeated moulding meant reheating the 
mould, producing the moulding and cool- 
ing it again. The important advantage, 
however, lies in the elimination of the 
press with platens, which have to be 
heated and cooled. 















4 
MQ WN 
if 








OCTOBER, 1943 





/ 


d d ef 


_ PLASTICS 435 





Fig. 3.—Extrusion of P.V.C. into oil-heated cylinder. 


a, Reciprocating piston. b, Loading hopper. 


c, Entrance to extrusion chamber. _d, Oil-heated 


chamber.  e, Oil jacket (160°C.). f, Electrical resistances. g, Oil supply. h, Cooled mould. 


i, Press closure. 


Using (Fig. 1) the hot paste which 
comes out of the press, it is possible to 
charge it at once into a mould cooled 
with circulating water. The hot mixture 
flows in, solidifies instantaneously, and 
within a few seconds the mould can be 
opened. With a number of moulds 
arranged in a circle and easily moved in 
front of the extrusion press, mass pro- 
duction could be rapidly achieved. 

A similar solution is found in that 
method of moulding which the Germans 
call ‘‘ Schlagpres-apparatus,’’ and which 
is very interesting because it makes use 
of an ordinary hand lever. Figs. 2.and 3 
show the moulding of the handles of a 
motorcycle by means of a mould in two 
halves, which is water-cooled. The hot 
paste (160 degrees C.) is put inside, and 
then the bar of the lever is lowered by 
hand. The superfluous mixture rises 
upwards and _ overflows, while the 
remainder solidifies inside, producing the 
article in a few seconds. 

Injection Moulding 

Injection moulding of plasticized 
P.V.C., although not very difficult, had 
always meant using a mixture converted 
into a gelatinous state in a mixer. The 
mixture was cut up into pieces and 
injected into the hot die of the injection 
press. 

By the method shown in Fig. 4 it is 
instead possible to make solid articles, 
starting straight from a fluid mixture of 
resin and plasticizer. The cooled die is 
very easily changed. In this way plugs, 
fittings, shoe heels and small articles in 
general can be made, while it is not 


|, Injection nozzle. 





* 


Fig. 4—Examples of products made by 
the processes described. 


impossible that bigger machines could 
produce heavier and larger objects. 

The movement of the piston can be 
regulated so that it introduces a quantity 
of mixture into the chamber, where it is 
plasticized equai to that required for fill- 
ing the die. 

Thus the technique of working with 
P.V.C. develops daily, tending always to 
eliminate the plant which had been indis- 
pensable with rubber and substituting a 
much simpler technique. The possibili- 
ties of the material are such that it is 
logical to foresee further progress in this 
field, to the great advantage of the 
development which the processing has 
already achieved and will continue to 
achieve. 
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INQUIRIES AND ANSWERS 


(In Which is Included General Correspondence) 


IMPORTANT NOTICE: If inquirers wish to receive 
replies by post, a stamped and addressed envelope must 
be included in their letter. Unless otherwise stipulated, 
it is understood that the submission of a problem 
to the Editor permits its publication in this journal. 


Fire Hazards 


Referring to your most interesting 
article headed ‘‘ Fire Hazards in the 
Plastics Industry,’’ in the ‘“‘ Plastics ”’ 
issue for September, there is a very use- 
ful table on flash points on page 386, in 
which it is stated that the substances are 
arranged in ascending order of flash 
point, but there are two exceptions to this 
statement in the table, namely, n-butyl 
alcohol at 34 degrees F., and formalde- 
hyde at 130 degrees F. As it is most 
difficult to get reliable information on 
flash points, could you tell us if the 
figures given are wrong, or whether the 
substances are merely out of place in the 
table. 

Dowty EQUIPMENT LIMITED. 

Cheltenham. 


[Epiror’s Note: We are grateful to the 
writer for pointing out these errors. The 
flash-point of n-butyl alcohol is 84 degrees 
F., not 34 degrees F. The flash-point of 
formaldehyde (130 degrees F.) is correct, 
but the order in the table is incorrect. ] 


Plastics from Farm and Forest 


It was good of you. to make such 
prominent mention of my little book and 
I am grateful. I even enjoyed your 
gentle reproach and accept it in humble 
good faith. It reminds me of those five 
years in the Editor’s chair when nearly 
everyone took exception to my remarks 
and had no hesitancy whatever about 
writing to set me straight. 

In this instance, however, you are prob- 
ably right, and if I have been unjust to 
Mr. Daniel Spill, or to B.X. Plastics, 
Ltd., in my book, I am sorry indeed. 

I have understood that an Englishman 
named Parkes made various articles from 
a solution of cellulose nitrate and camphor 
prior to 1869, but I have been given to 
yodoestand that Hyatt made the first use 


of cellulose nitrate in a plastic mass. 
However, this may not be so. 

Whoever discovered the first plastic 
unwittingly started a lot of trouble for a 
lot of people, including you’'and me. He 
is indirectly responsible also for a host of 
friends I have made in many parts of the 
world since I began writing about these 


‘“ glamorous ’’’ materials, and I am 
eternally grateful to him for that. 
E. F. LouGEe. 


La Canada, California. 

[Epitor’s Note: Criticizing Mr. Lougee 
always has the delightful result of produc- 
ing a completely disarming and con- 
structive reply. No whit behind him in 
manners, we must add we feel sure that 
the American Hyatt did most of the 
manufacturing work on cellulose nitrate. | 


Plant for Plastics 


We have carried out preliminary 
experiments in our laboratory and have 
actually prepared phenol-formaldehyde 
powder, and actually moulded the 
powder into articles in hand presses. The 
filler used is sawdust or woodflour, as 
this is the cheapest material available. 
Woodflour is usually of the Indian teak, 
but sawdust from other timbers like 
boswellia serrate, bombax, etc., has also 
been tried. 

As to the quality and strength of 
phenol, it is according to the B.P. 
standard, and formaldehyde is of 40 per 
cent. strength. 

We are establishing a factory for the 
manufacture of phenol-formaldehyde and 
casein plastics for the present, and shall 
take up other plastics like urea, cellulose 
acetate, etc. 

We require a complete plant for manu- 
facturing phenol-formaldehyde powder, 
and presses and pumps and other equip- 
ment for moulding the powder into 
chiefly electrical equipment, such as 
switches, cut-outs, ceiling roses, switch- 
boards and boxes, tubes, etc. To start 
with a plant with a capacity of 5 cwt. to 
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1,000 lb. per day is required. As the 
factory is to be established near a coal 
mine, it is proposed to utilize steam heat- 
ing for thermosetting of the articles. 

With regard to casein plastic, we are 
manufacturing rennet casein in our dairy 
farm, and we require a complete plant 
for moulding the same into plastic, con- 
sisting chiefly of standard sheets for the 
manufacture of standard-size buttons 
from }-in. diameter to 1-in. diameter. 
The equipment is to include the complete 
plant for pressing, polishing, etc., the 
buttons from casein sheets. The capacity 
of the equipment is to be 500 to 1,000 lb. 
per day. 

If a firm is prepared to supply the 
plant required we shall apply for import 
licence and priority certificate from the 
Government of India, as these articles are 
required by the War Supply Department. 

K.B.A.A. AND Co. 

Hyderabad, India. , 
[Ep1Tor’s NoTE: We should be glad to give 

the full name and address of this concern 

to those interested. | 


Plastic Bottles 


We are anxious to ascertain if there is 
any individual or firm in this country 
making containers of a similar size and 
shape to those of the ordinary glass milk 
bottle. We should be extremely obliged 
if you could give us your advice on this 
question, and if you are aware of any 
source of supply, we should be glad to 
learn the name and address if possible. 

What we have in mind is a container 
which would probably be made of paper 
impregnated with wax or some other sub- 
stance, and while we are aware that the 
ordinary waxed paper carton is used 
extensively, we have in mind a container 
that is a little more robust and is shaped 
like a milk bottle. . 

Cheshire. F.P. anp Co., Ltp. 
[EpiTor’s Note: Although about five or 

six years ago a company had been formed 

to make milk bottles by injection from 
cellulose acetate, we believe production 

did not take place, Unless the milk-bottle 

shape is essential, a solution to the prob- 

lem might be found in fabrication from 
the resin-impregnated paper tube type of 
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structure such as is so widely employed in 
the textile industry. The tubes are lightly 
impregnated, but extremely rigid, tough, 
and water resistant. They are produced 
continuously and, therefore, are relatively 
low in cost. 

If the milk-bottle shape is essential, 
then probably a thermoplastic material 
such as cellulose acetate or polystyrene 
would be employed. Post-war develop- 
ment may yet see the introduction of 
blowing technique for such manufacture, ] 


Pat on the Back 


We are taking the liberty of mailing 
under separate cover a letter addressed to 
Messrs. Aero Research, Ltd. As we do 
not know the address of this company we 
would ask you to be kind enough to for- 
ward this on. Our letter deals with an 
article in your May issue regarding 
‘* Redux ’”’ process, and in which subject 
we are very interested. 

We take this opportunity of expressing 
to you our appreciation of the many 
interesting and informative articles which 
are published in your journal from time 
to time, and which are conducive to a 
better understanding of the practical 
strides made by the plastics industry. 
We have been subscribers to your journal 
for many years. 

As we are well known in this country as 
distributors of base and raw materials 
serving industry, and the plastics industry 
particularly, we are indebted to your 
journal for introducing to us many pro- 
ducts and processes which have been of 
value. 

Wishing you a successful future. 

Sydney. P. Rowe Pry., Lrp. 


Plastics Under Water Pressure 

I should value your opinion on the 
following questions:— 

We have been called upon to design 
a watertight electrical instrument case. 
It would be a cylinder with a .075-in. 
wall. I would like to know if you are 
acquainted with any plastic material to 
mould the above to’ stand a 20-ft. head 
of water for 24 hours without penetrating 
the material. Also, if brass inserts were 


(Continued on page 445.) 
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Non-destructive 
Testing by X-rays 


An Introduction to an Important Method of Inspection 
now Serving the Needs of the Plastics Industry 


Fig. 1.—Schematic 
drawing of X-ray tube. 
Note particularly in- 
clined face of the 
copper anode. _ Into 
this is inserted the 
tungsten target. 
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i pee rapidly extending applications of 
plastics are closely bound up with a 
positive check on quality. This is 
particularly true of possible new 
developments which may well call for 


mechanical and other properties, the , 


soundness of which must leave nothing to 
question. 

The use of X-rays as an inspection tool 
provides the means by which, without the 
slightest detriment to the specimen, 
moulded or fabricated articles can be 
examined either as a simple factory 
routine or to control the laboratory or 
manufacturing procedure. Due to the 
physical properties of moulding materials 
there is perhaps no other industrial pro- 
cess in which the ability to ‘‘see’’ into 
the interior of the finished article can be 
realized so effectively and with such 
valuable results. 


How X-rays Are Produced 


The potentialities of the method 
become more apparent when certain of 
the fundamental principles are under- 
stood. For this reason, therefore, an 
elementary description of the way in 
which X-rays are propagated may be 
helpful. It is not proposed to deal with 
the physical properties at any length 
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ANODE By 
R.H. COOKE, 
M.S.R. 


(X-ray Department, 
Philips Lamps, Ltd.) 


except in so far as they are utilized in the 
inspection of plastics. 

The source of radiation (the X-ray 
tube) consists of a glass vessel into which 
are sealed two electrodes, the anode 
(positive electrode) and the cathode 
(negative electrode), the vessel being 
exhausted to a very high degree of 
vacuum and afterwards sealed off. The 
anode is usually cylindrical in form and 
made of copper. As will be seen from 
Fig. 1, it has its end faced off at an angle. 
Into this face a tungsten button or plate, 
known as the target, is embedded in such 
a way as to be in complete thermal 
contact with the copper. The cathode 
consists of a metal cylinder terminating 
in a metal cap having an aperture which 
functions as an electron focusing device. 
A tungsten filament mounted to the rear 
of the aperture, when heated to incandes- 
cence provides a controllable source of 
electrons. The principal items which 
make up the energizing equipment con- 
sist of a high tension transformer, a 
filament heating transformer and the 
necessary controls, meters, etc., to enable 
the output to be regulated. 

When the cathode filament is heated 
electrons are emitted. If by the applica- 
tion of high voltage the anode is made 
positive with respect to the cathode with 
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a sufficiently high potential, the electrons* 
will be drawn through the focusing 
aperture and strike the target. At the 
point of impact (the focal spot) the energy 
is converted into electro-magnetic radia- 
tion consisting chiefly of heat, and in 
relatively small proportion, X-rays. The 
X-rays emanate from the focus in all 
directions but are restricted by the con- 


\— optique mirror 
~K 


OPERATOR S \ CLEAR 

EYE LEVEL \ LEADGLASS SCREEN 
| / 
| P| } FLUORESCENT SCREEN 
L 





| SECTION THROUG 
‘ CONVEYOR, BELT 
i SHOWING SPECIMEN 
IN POSITION FOR 
} VIEWING 








Fig. 2.—Diagrammatic sketch showing 
arrangement of X-ray apparatus for visual 
examination of objects on a conveyor belt 
—a system ideal where fluoroscopic inspec- 
tion constitutes a routine operation. 


struction of the tube so that only a cone 
of rays can emerge. 

The greater the potential difference 
between the tube terminals or, in other 
words, the higher the velocity imparted 
to the electrons, the greater the penetra- 
tion, i.e., the shorter will be the 
wavelength. Thus, by increasing or 
decreasing the exciting voltage the 
penetration or qualitative value of the 
X-ray beam can be varied at will. Ina 
hot cathode tube such as that described, 
the quantity of X-rays emitted is 
governed by the supply of electrons 
liberated by the filament. This being a 
function of filament temperature, or, 
expressed in a simple form, filament heat- 
ing current, within limits the quantity of 
X-rays produced at a given voltage can 





* Electrons are unit meontive charges of electricity 
having a ‘mass’ y 1/1800 
part of a hydrogen atom. They « are pono to the 
anode by reason of its opposite pole sign. 


RS 
kilovoltage _ oe 





+ Indicated by the constant 


wavelength in Angstrom units. 
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thus be varied independently of the 
quality. An increase in exciting voltage 
as well as resulting in an increase in 
penetration will, however, also affect the 
quantity, since the X-ray output varies 
as the square of the voltage. It is 
important to remember that a beam of 
X-rays is heterogeneous in character, i.e., 
it consists of a mixture of wavelengths, 
the shortest of which is directly related to 
the exciting voltage.t The exciting 
voltages used in plastics inspection range 
from about 50 to 100 kv. The current 
through the X-ray tube is usually 
measured in milliamperes, and for most 
practical purposes is a_ sufficiently 
accurate indication of relative quantity. 
The absolute unit of X-ray quantity is 
the international ‘‘r’’ (the réntgen), but 
since in industrial radiology very accurate 
quantitative measurements are rarely 
required, it will not be discussed. 

The Formation of the X-ray Image 

Having thus described how X-rays are 
produced we may now consider how they 
can be applied. The two methods most 
commonly employed are (a) fluoroscopic 
(visual) and (b) radiographic. The 





Fig. 3.—Principle of “ line” focus as 
embodied in Metalix industrial X-ray 
tubes. The adoption of this principle 
gives high load capacity combined with 
optimum optical qualities. 


former makes use of the phenomenon 
which in fact led to Réntgen’s original 
discovery, i.e., the fluorescence excited in 
certain salts when placed in the path 
of the X-ray beam. The radiographic 
method depends upon the action of 
X-rays—in activating the sensitized silver 
emulsion of a photographic plate or film. 
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As a fundamental it should be under- 
stood that the X-ray image is a form of 
shadow picture. When a beam of X-rays 
is directed on to a specimen or object, 
part of the energy is absorbed by the 
specimen and expended in generating 
secondary rays, part is ‘‘ scattered’’* and 
the remainder after penetrating the 
specimen passes into the air beyond. It 
is this portion in which we are interested 
since it carries with it, so to speak, an 
image of the internal structure through 





Fig. 5—Typical shock-proof and ray-proof 
industrial X-ray unit. This equipment is 
extremely mobile and of such construc- 
tion that it may readily be incorporated in 
a conveyor system for visual examination. 


which it has passed. If a fluorescent 
screen is interposed to detect these rays, 
the fluorescent coating of the screen will 
be excited to varying degrees of bright- 
ness depending upon the differential 
absorption of the specimen. Hence where 





* A phenomenon which can be likened to the dis- 
persal of light in a fog and as with light the longer 
-ray wavelengths ‘scatter least. 
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(b) Broad Focus. 














(a) Point Source of Rays. 


Fig. 4.—Diagram illustrating lack of sharp- 
ness in screen image or radiograph due to 
penumbra effect of focus. 


the object under examination is composed 
of materials having marked differences of 
absorption a sharply defined and con- 
trasted image will result. A specimen 
of a given material having differences in 
its thickness or configuration only wil! 
likewise be characterized by correspond- 
ing .absorption differences which are 
demonstrable in the same way. Flaws 
and cavities not visible from the exterior 
will thus be revealed. 

X-rays follow a density law of absorp- 
tion having a definite relation to the 
atomic table. For a given degree of 
penetration, therefore, it is possible to 

















Fig. 6.—Schematic drawing _ illustrating 
layout for a small X-ray department: 1, 
X-ray unit; 2, controls; 3, operator’s 
cubicle; 4, processing section; 5, load- 


ing bench; 6, film hatch; 
section. 


7, drying 
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examine much greater thicknesses of 
magnesium or aluminium than of iron or 
of copper. Plastics generally have a very 
low absorption, a fact which, as men- 
tioned earlier, makes them particularly 
well suited to X-ray inspection. 


Fig. 7—Typical examples of plastic masses 
incorporating metal inserts of different 


types and for different purposes. The 
uppermost illustration is a reproduction 
of a radiograph, the lower illustration 
reproduces the appearance of the same 
group of objects as seen on the 
fluorescent screen. 


The fluorescent method lends itself very 
readily to incorporation in a conveyor 
belt system so that the examination of a 
large number of specimens can be carried 
out as a routine operation. 
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Fig. 2 illustrates an arrangement for 
visual examination of objects on a con- 
veyor belt. 

When it is required to obtain an image 
giving the greatest amount of detail and 
contrast the radiographic or photographic 
method is always to be _ preferred. 
Basically, the principle is the same, a 
photographic film being used in place of 
the fluorescent screen. It follows, of 
course, that the blackening of the film 
will vary in accordance with whatever 
changes have taken place in the com- 
position of the X-ray beam after passing 
through the specimen. For X-ray work 
films are coated with emulsion on both 
sides and are exposed in their light-tight 
envelopes. For certain classes of work 
such as the examination of iron or steel 
the effect of the X-radiation on the film 
can be supplemented by the use of 
intensifying screens. These screens are 
sheets of celluloid coated with a 
fluorescing layer and the film is 
sandwiched in between. When intensi- 
fying screens are employed they are used 
in a cassette similar to a photographic 
dark slide and the film has to be inserted 
in the darkroom. On the average the use 
of such screens reduces the radiographic 
exposure time by a factor 8, but in the 
plastics industry they are very rarely 
necessary. 

For radiographic purposes exposures 
may be expressed in terms of milliampere- 
seconds as a sidelight on which it may be 
assumed that provided the product of 
tube current and time remain unaltered 
the photographic effect on the film will 
be the same. In other words, the same 
result will be achieved with 2 mA for 
5 secs.=10 mA secs. as with 1 mA for 
10 secs. or 10 mA for 1 sec. 


The Optical Qualities of the X-ray 
Tube 

Due to the fact that like light X-rays 
travel in straight lines and that the image 
is essentially a shadow formation, it will 
be obvious that the ideal source of X-rays 
would be one in which the radiation was 
derived from an absolute point source. 
In practice, however, the focal spot has 
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to be one of finite dimensions and its size 
is governed by the:load it has to with- 
stand. If for a given energy input to the 
tube the concentration of electrons at the 
focus is too great the tungsten target will 





Fig. 8—Reproduced in the upper- 

most illustration is a radiograph of 

a moulding showing unsuspected 

cavities. The lower illustration 

shows the same moulding as seen 
on the fluorescent screen. 


be melted or damaged. The size of the 
focus, therefore, bears a very definite 
relationship to the energy input. A well- 
designed anode of tungsten and copper 
will withstand an ‘energy input of 200 
watts per sq. mm. of focal area per 
second.  Conse- 
quently the focal 
spot may be several 
sq. mm. in its effec- 
tive area. In a 
modern tube a high 
load capacity com- 
bined with the best 


Fig. 9.— After X-ray 
examination the speci- 
men illustrated in Fig. 8 
was sectioned, when 
the existence of the 
porosity demonstrated 
by the non-destructive 
test was clearly proved 
as shown here. 
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optical qualities is achieved by making 
the focus linear as shown in Fig. 3. 

Too close a focus-film or screen distance 
or too great an object-screen distance 
must, therefore, be avoided if the 
““penumbra.’’ effect of the focus is to be 
kept to the minimum. 

Fig. 4 illustrates how the ‘‘ penumbra ”’ 
effect increases as the “focal spot is 
dimensionally increased. In choosing 
focal distances it is also necessary to bear 
in mind that the X-ray intensity varies 
inversely as the square. of the distance. 
For example, doubling the distance will 
reduce the intensity by four times, 
trebling the distance nine times and so on. 


The Safety Aspect 

In view of the fact that X-rays are 
invisible, the early workers were unaware 
that protective measures were necessary 
until the ill effects of continued exposure 
became manifest. To obviate this danger 
the earlier X-ray tubes were enclosed in 
a lead-lined box. Owing to its high 
absorption a sufficient thickness of lead 
suitably applied reduces the intensity of 
the unwanted rays to such an extent as 
to be completely innocuous. In a modern 
X-ray tube the protection is an integral 
part of the tube itself (‘‘ Metalix”’ 
principle), the radiation being confined 
within a metal cylinder reinforced with 
lead and adjacent to the source of the 
rays. The only radiation which can 
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Fig. 10.— Repro- 
duced on this page 
is a group of 
plastic bodies of 
various types, 
mainly embodying 
metal inserts and 
representing, in 
every case, an 
ideal subject for 
non-destructive 
testing by X-rays. 
As in other repro- 
ductions in this 
account, the 
uppermost _illus- 
tration corre- 
sponds to the 
radiograph, whilst 
the lower _ illus- 
tration gives the 
‘*screening”’ ap- 
pearance of the 
specimen.— 








—It will be observed that defects, typical 
of those likely to occur during the 
moulding process, but difficult or impos- 
sible to detect by mere visual inspection, 
are clearly revealed both in the radiograph 
and on the screen. Note, for example, 
the bent insert in the moulding pictured 
immediately above. 
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emerge is that permitted by a small glass 
window. In view of the fact that the 
production of X-rays requires a high 
voltage a later development was a shock- 
proof enclosure or shield containing the 
tube and fed by flexible high tension 
cables, the whole being electrically 
bonded and earthed. Protection is also 


necessary against radiation ‘‘ scattered ’’ 
by the specimen and adjacent objects, but 
X-ray safety 


this is easily catered for. 
precautions have been 
clearly prescribed in 
the recommendations 
of the International 
Commission on X-ray 
and Radium Protec- 
tion and the National 
Physical Laboratory 
certificate is based on 
this standard. Under 
such well-defined con- 
ditions the use of 
X-rays can thus be 
regarded as a perfectly 
safe procedure. 


Fig. 11.—Radiograph 
(uppermost illustration) 
ahd screen image (lower 
illustration) of a moulded 
plastic component, the 
total thickness of which 
is about j-in. ; X-rays have 
shown in the moulding, 
depressions which are of 
the order of 0.1 mm. 


Plant Layout 

A typical example of a complete shock- 
proof and rayproof industrial X-ray 
equipment of compact design is illustrated 
in Fig. 5. It is extremely mobile and the 
constructional features permit of its easy 
incorporation in a conveyor system for 
visual examination. When, however, it 
is required to use the equipment for 
radiographic work it is essential that full 
consideration should be given both to the 
accommodation of the unit and also the 
darkroom in which the X-ray films are 
processed. This acc>mmedation need not 
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be unduly elaborate, but nevertheless 
should be designed to allow tor efficiency 
in working. 

A schematic layout illustrating such a 
small department is illustrated in Fig. 6 
When the apparatus is intended for visuai 
inspection in the factory due considera- 
tion should be given, of course, to its 
location in order that the production flow 
is not impeded. 

The darkroom should be equipped with 





suitable processing apparatus capable of 
handling rapidly the volume ot work to 
be undertaken. In this connection film 
drying facilities are a definite advantage. 
Care in planning, particularly in con- 
nection with the darkroom arrangements, 
will be amply repaid, as in many 
instances it has been found that although 
the X-ray equipment is in every way 
suitable, and the technique employed 
correct, the resultant radiograph has been 
ruined because of unsuitable darkroom 
accommodation and equipment which has 
been badly selected. 
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The X-ray Inspection of Plastics 

It is now perhaps opportune to deal 
briefly with a few of the applications of 
X-rays in the plastics industry. Many 
plastic mouldings and materials used, for 
instance, in electrical and aircraft work, 
incorporate a wide variety of metal 
inserts, conductors, etc., some of which 
require extreme precision. In_ the 
majority of cases these inserts are not 
visible from the surface. Consequently, 
only by the X-ray method can informa- 
tion be obtained as to their location and 
condition. Much of this type of work can 
be undertaken by the visual method, and 
only when a permanent record is required 
is it necessary for a radiograph to be 
taken. Typical examples of this type of 
examination are shown in Fig. 7. This 
perhaps is the most obvious method of 
X-ray inspection and one which can be 
readily adopted to work with existing test 
procedure. 

By the use of the radiographic method, 
however, much fuller investigation of 
plastics can be undertaken; the examina- 
tion of mouldings for macroscopic flaws 
and foreign inclusions, the study of 
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homogeneity, and the determination of 
curing times being but a few of the 
possible applications. Fig. 8 illustrates 
a moulding showing unsuspected cavities. 
Fig. 9 shows the specimen after section- 
ing. Fig. 10 shows some _ interesting 
studies, each of which represented a 
practical problem. Fig. 11 clearly 
indicates the sensitivity of the method, a 
difference in the thickness of a moulded 
plate represented by depressions of the 
order of 0.1 mm. in a total thickness of 
}-in. being clearly perceptible. 

The lower illustration in each of the 
radiographic studies has ibeen reproduced 
as a photographic ‘‘ positive.’’ These 
have been included to show the image 
as it would appear on a fluorescent 
screen. The absence of the characteristic 
photographic reversal will enable the 
principles of X-ray shadow formation to 
be more readily appreciated. 

These are but a few of the applications 
of X-rays to the examination of plastics, 
but sufficient perhaps to warrant the pre- 
diction that X-rays are destined to play 
an increasingly important part in the 
quest for perfection. 








INQUIRIES AND ANSWERS 
(Continued from page 437). 
moulded into the base of the cylinder, 
which would be about .125 in. thick, 
would the water creep between them 
under the above pressure? L.G.P. 
London. 


[Eprror’s Note: So far as we know, no 
literature has appeared on the behaviour 
of plastics under water pressure. 
Obviously, penetration of water would be 
increased under what is about 10 Ib. per 
sq. in. pressure, but without practical 
tests we could not say if there would be 
actual leakage from the outside of the 
tube. Another point is the possible 
dimensional change under pressure. 
There would be little or no change with a 
phenolic or urea moulding, but if a 
thermoplastic such as polystyrene were 
suggested, because of its excellent water 
resistance, there might be dimensional 
change in a cylinder with such a thin 
wall. Of the thermosetting resins mela- 





mine resins have better water-resisting 
properties than either phenolic or urea, 
but, unfortunately, the moulding powder 
is not yet made in this country. 

Obviously the insert is the weakest 
point and it might be possible to seal the 
insert-plastic area with a cement. The 
size of the cylinder, which was not given, 
may also affect the problem. ] 


Adhesion of Plastics to Metal 


I am desirous to obtain information 
with regard to the possibilities of securing 
plastics to metal. I believe that there 
is an adhesive marketed which is suitable 
for this work, but have no details of 
same, and if you could advise me where 
it is possible to obtain a supply, at the 
same time giving me any information you 
have on the subject, I should be grateful. 

Loughborough. B.C., Ltp. 


[Epitor’s Note: See previous remarks on 
Redux in our May, 1943, issue. ] 
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Fire Hazards in the 
Plastics Industry—II 
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Preventive 
Methods 


By H. RONALD FLECK, M.Sc., A.I.C. 


“ the previous article dealing with this 
subject causation came under review. 
In this article it is intended to examine 
the preventative measures, and for con- 
venience I shall set out the salient fea- 
tures under two headings: (a) thermo- 
plastic material workshops, and (b) 
thermo-setting material workshops, and 
a preamble will cove> the general prin- 
ciples relating to inflammable solvent 
fires. 

It is self-evident that in all buildings 
where inflammable materials such as cel- 
lulose nitrate are handled constructional 
considerations must play an important 
role in the general scheme of sound fire 
defence. Workshops should preferably 
be constructed of reinforced concrete, 
brick, or in the case of the smaller estab- 
lishments, of the standard non-inflam- 
mable boards. 

Electric plugs and switches should be 
of the flame-proof type in accordance 
with the regulations of the I.E.E. and 
Home Office requirements. With this 
type of installation it is quite impossible 
- for sparks or flash to ignite dust and 
inflammable vapours, and explosions are 
obviated by their adoption. 

Close supervision over all electrical 
repairs should be kept by an individual 
qualified in electrical maintenance, for 
where repairs are carelessly executed the 
hazards arising from a short circuit and 
similar faults are acute and have been 
responsible for many serious confla- 
grations. 

Apart from their primary purpose, ade- 
quate fire precautions have the advantage 
that they reduce insurance rates on the 
premises and encourage staffs to develop 
fire-consciousness and handle material 
and equipment with this consideration in 
mind. 

Factories using inflammable materials 


should appoint a responsible executive to 
train and maintain adequate fire parties 
in the works. Experience in the bombing 
and firing of industrial cities has shown 
that fire brigades may become saturated 
and unable to deal with fresh outbreaks 
until sufficient time has elapsed to enable 
the fire to gain a stranglehold on the 
factory. 


Choice of Extinguishing Agents 


In the plastics industry we are con- 
cerned almost entirely with organic 
materials which are, generally speaking, 
combustible. The choice of extinguishing 
agents is of considerable importance. 
Many organic substances, when in solu- 
tion or in a molten condition, are capable 
of floating on water. If water is used 
in an attempt to extinguish a fiercely 
bumning benzene solution of resin, for 
example, the probable result would be 
that the burning liquid will float on the 
water and be carried by it to other points 
of the workshop, starting new fires in its 
passage. 

Inert organic liquids, such as carbon 
tetrachloride, will deal satisfactorily with 
plastic fires, provided a stream of the 
liquid is directed at the base of the fire. 
By this method the liquid is enabled to 
vaporize and form a vapour blanket, 
thus preventing the access of oxygen to 
the combustible mass. But here a word 
of warning should be issued. Carbon 
tetrachloride, or C.T.C. as it is commonly 
known, has a serious disadvantage in so 
far as the toxic fumés generated when 
brought into contact with an outbreak 
often make the position of the people 
on the spot untenable. Many manage- 
ments have banned altogether the use 
of C.T.C. inside the factory where the 
poisonous fumes cannot be ventilated. 
Only a month or so ago life was lost 
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when C.T.C. was the medium employed 
for dealing with an emergency. 

Speaking generally, foam is the most 
satisfactory medium for dealing with the 
majority of fires involving solvents, 
including diethyl ether and the lower 
alcohols. A foam consisting of bubbles 
of CO,—an inert gas which will not sup- 
port combustion—held together by a 
saponaceous film, is used to blanket off 
the oxygen supply to the outbreak and so 
extinguish it. 


Importance of Miscibility 


It should be stated, however, that one 
of the chief considerations governing the 
extinguishment of solvent fires is the 
miscibility factor. Where solvents such 
as ethyl alcohol, acetone and acetelalde- 
hyde are soluble in water, foam is ineffec- 
tive and water should be used, preferably 
in the form of a spray to avoid splashing. 
Arguments have been put forward against 
the use of foam for dealing with alcohol 
fires; these are based on the tendency of 
ethyl and methyl alcohol to destroy the 
foam blanket. It is interesting to study 
the effect of equal amounts of ethyl ether, 
ethyl alcohol and xylene on a similar 
quantity of fire-fighting foam. In the 
case of ethyl ether the foam is almost 
completely destroyed; ethyl alcohol par- 
tially, and xylene only a small pro- 
portion. 

It should be fully understood that 
success in combating fire in the plastics 
industry where volatile solvents are con- 
cerned must depend upon knowing what 
type of extinguishing media to employ 
and the miscibility of solvents with each 
other and with water must be taken into 
account before this end can be achieved. 


Thermoplastic Materials : 


In general, thermoplastic materials are 


more hazardous than 
plastics. * 

The main members of this group are 
cellulose nitrate, cellulose acetate, casein 
plastics, and poly-esters such as methyl 
methacrylate. Casein plastics are not of 
themselves particularly inflammable, but 
they act as an efficient fuel if a fire has 
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already started. Cellulose nitrate or cel- 
luloid is violently inflammable and the 
greatest possible caution should be exer- 
cised in handling. Cellulose acetate, 
although supposedly non-inflammable, 
will burn quite vigorously, once it has 
been ignited, more particularly if it has 
been plasticized with a _high-boiling 
material such as dimethyl phthalate. 
Methyl methacrylate will burn quietly at 
first, then more vigorously as the polymer 
depolymerizes under heat. 

Thermoplastic materials usually: come 
on to the market in sheets, rod or tube 
form. The sheets are formed and moulded 
after softening by heating, this heating 
being carried out in hot-air ovens. The 
usual type of oven is a sheet-steel box, 
heated at the bottom ‘by gas burners 
within the box; the sheet of plastic 
material is suspended in the oven and 
heated by the hot air rising from the 
burners. This type of oven, with certain 
precautions, is suitable for methy] metha- 
crylate and cellulose acetate, but should 
never be used for céllulose nitrate. The 
latter must be softened by heating in a 
steam-heated oven. 


Care in Fabricating Operations 


With the other types of thermoplastics, 
gas-heated ovens are satisfactory, pro- 
vided the sheets are suspended in such a 
manner that they are at least one foot 
away from the burners and that a flame 
cannot impinge on the sheet. The ovens 
must ibe kept scrupulously clean and the 
vaseline used for lubricating the formers 
and moulds must not be allowed to drip 
from the sheets into the ovens during the 
subsequent annealing processes. 

During polishing processes, thermo- 
plastic materials build up static charges 
on their surfaces. Discharge of this static 
electricity may cause sparking, and if 
volatile solvents are in the immediate 
vicinity serious fires may be caused. 
Certain organic chemicals, notably those 
used for conferring water-repellency, will 
prevent this static build-up. 

Many firms specialize in powdering 

(Continued on p. 459.) 
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Their Applications 


Plasticizers may be said to make 
the moulding of plastics possible. The 
author describes very fully their character- 
istics, the effect on plastics and the 
theory that lays behind their choice. 


OST synthetic resins or cellulose 

derivatives exist as white powders, or 
as horny tough products. In these forms 
the plastic characteristics are latent, and 
the degree of flow under heat and pressure 
is comparatively limited, so that these 
raw materials cannot easily be _ pro- 
cessed. 

As a result, applications of the 
‘* straight ’’ materials are relatively few 
and thermoplastic materials are compara- 
tively rarely used without some modify- 
ing ingredient. Notable examples which 
are used alone include polystyrene, poly- 
thene, some acrylic polymers and nylon, 
but the many others, including cellulose 
plastics, polyvinyl materials, and so on, 
must invariably be modified to have any 
wide commercial usage. In general, they 
must be plasticized by the incorporation 
of plasticizers, which are generally liquids 
of high boiling point. 

The addition of plasticizers brings out 
the best characteristics of most synthetic 
resins, and, in fact, makes them into work- 
able plastics. The lack of suitable plas- 
ticizers is a ‘handicap and, in some cases, 
has held up development. A _ typical 
example is cellulose acetate, where the 
requirements have only latterly been 
solved. In the case of polystyrene, no 
really satisfactory plasticizer has yet been 
evolved, so that, although it is used alone, 
it has disadvantages. 


Plasticizers Improve Processing of 
Plastics 
When cellulose derivatives or vinyl 
derivatives, etc., are used in manufacture 
by processes such as moulding, or cast- 
ing, or extrusion, or as lacquers, a suit- 
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able plasticizer must be added. Thus 
additions of more than 20 per cent. plas- 
ticizer are necessary with cellulose acetate. 
Even larger amounts are required for 
polyvinyl chloride. The plasticizer 
becomes an integral part of the plastic 
material, and, suitably mixgd, the resins 
will give coherent plastic masses. Pre- 
viously brittle materials will have 
acquired elasticity, flexibility, strength 
and toughness. 

Where moulded articles are being 
made, the addition of a plasticizer 
enhances the flow of the plastic under 
heat and pressure. Where articles are 
being extruded, the plasticizer also assists 
the flowing characteristics during the 
extruding operation. If used in films or 
coatings, plasticizer enhances the flexi- 
bility. They may also improve water 
resistance and other characteristics. Actu- 
ally, extensibility is the property most 
affected by addition of a plasticizer. The 
related characteristics of strength, flexi- 
bility and toughness are also affected. 


Characteristics of Plasticizers 


Most plasticizers are liquids, a few are 
solid. They have been described as 
‘* non-volatile solvents,’’ and have the 
essential characteristics of high boiling 
points and low volatility. These factors 
are fundamental because, if the plasticizer 
evaporates from the plastic or film, then 
these will revert to the brittle condition. 
This is frequently evident in poorly com- 
pounded materials, and is a leading 
source of criticism of plastics. In conse- 
quence, the boiling point of plasticizers in 
general should be higher than 300 degrees 
C. The softening plasticizing effect of 
these materials is their fundamental 
characteristics, but there are many other 
properties also conferred on the plastic. 
As already stated, plasticizers lower the 
resistance of the plastic to flow under the 
moulding pressure, but they also lower 
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the temperature needed to give adequate 
flow at a given moulding pressure. 

The general properties of the plasticizer 
must conform with the requirements of 
the article ultimately to be produced. In 
general, it can readily be seen that plas- 
ticizers must be chemically inert, fast to 
light, and resistant to moisture. From the 
angle of production and handling, they 
should be non-toxic, non-fuming, etc. If 
the produce is to be used for food or 
beverages, these factors become even 
more critical. There must be no smell or 
taste. & 

There are, however, a few basic quali- 
ties which seem necessary in all good plas- 
ticizers. The compound should: (1) be 
compatible with the polymer, (2) impart 
flexibility, (3) show permanent retention, 
(4) be water insoluble, and (5) be stable 
in the presence of water. 

The chemical composition of the plasti- 
cizer has a very profound influence on the 
behaviour. Plasticizers based on phos- 
phates are generally non-inflammable and 
impart this characteristic to plastics. 
Hydrocarbon plasticizers have good elec- 
trical properties, and, where possible, are 
used for insulating materials. Other plas- 
ticizers, such as oils, improve the mois- 
ture resistance. 

So far as the physical characteristics are 
concerned, the most important pethaps is 
the solubility in the medium. This gives 
a measure of the affinity existing between 
materials and plasticizer; this affinity 
may, indeed, outweigh other disadvan- 
tages, such as high volatility and low boil- 
ing point. 

Where good solvent action is a feature, 
then the resulting plastic is extremely 
tough, but has a tendency for cold flow. 
Where there is little solubility, high ten- 
sile strength is obtained, the products are 
more rigid and are less resistant to 
impact. 

Retention of plasticizer is of the utmost 
importance. Rapid loss of large quanti- 
ties of plasticizer, i.e., ageing under ser- 
vice conditions, is the primary cause of 
complaint in the use of plastics generally. 
In such cases moulded articles tend to 
warp or buckle, sheets such as are used in 
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laminated glass may shrink, insulation 
loses flexibility, polished surfaces become 
dull, and so on. 

The general characteristics of plastic- 
izers which are of interest are melting 
point, boiling point, specific gravity, 
refractive index, and so on. Mellan! has 
listed no fewer than 23 criteria. The type 
of application will influence the relative 
importance of these properties. 


The Important Plasticizers 


The leading commercial plasticizers 
used for preparing plastics fall into 
several groups; for example, phthalates, 
aryl phosphates, sulphonamides, glycol- 
lates, chlorinated hydrocarbons, etc. 

From the angle of quantity the 
phthalate plasticizers are used on the 
largest scale. In fact, demands for 
phthalic anhydride and derivatives have 
caused some embarrassment owing to war 
conditions. The number of plasticizers is 
legion. New types are always being pre- 
pared, but only a few are used on any 
large scale. The following brief accounts 
describe some of the leading materials in 
everyday use. : 
Tricresyl Phosphate 

Tricresyl -phosphate is a colourless 
liquid having a specific gravity of 1.175 
at 20 degrees C. It has a very high boil- 
ing point and very low volatility. The 
loss on evaporation after heating for 100 
hours at 100 degrees C. is only .2 per 
cent. It freezes at —35 degrees C. It 
mixes freely with all the common sol- 
vents, with oils such as castor oil, linseed 
oil, tung oil, etc. It has low solubility 
in water, and in general imparts good 
moisture-resisting characteristics. 

It is one of the widest-used plasticizers, 
being employed for almost every type of 
plastic and lacquer. Almost the only 
leading plastic where it is not of any par- 
ticular importance is in the case of 
cellulose acetate. It is a solvent for cellu- 
lose nitrate, and greatly reduces the 
inflammability of cellulose nitrate com- 
positions. This outstanding fire-resisting 
characteristic is one of the valuable 
properties of tricresyl phosphate. It is one 
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of the leading plasticizers for polyvinyl 
chloride, in the synthetic rubber fields, 
etc. It has some disadvantages; for 
example, with nitrocellulose it tends to 
accentuate discoloration due to sunlight. 
The other important disadvantage is the 
fact’ that it- is reputed to be somewhat 
toxic, and precautions have to be taken 
in this connection both in the handling of 
the material and the application of plastic 
products containing it. 
Dimethyl] Phthalate 

Dimethyl phthalate is a clear water- 
white liquid having a specific gravity of 
1.195 at 20 degrees C., boiling at about 
285 degrees C. The solubility in water 
is 0.3 per cent. It is soluble in organic 
solvents and is compatible with most 
resins and oils. It is likewise a solvent 
for cellulose acetate and cellulose nitrate. 
As a consequence it is widely used in the 
preparation of plastics based on cellulose 
acetate in particular. This is in spite of 
the fact that it is a fairly volatile material. 
It has good fastness to light and is non- 
toxic. Its leading application is in the 
preparation of cellulose acetate dopes and 
lacquers, the preparation of films and 
sheets for use in laminated safety glass. 
Dibutyl Phthalate 

Dibutyl phthalate is probably the most 
widely used plasticizer. It is a clear 
water-white odourless liquid. Its specific 
gravity is 1.047 at 20 degrees C. The 
boiling point is 340 degrees C., while the 
freezing point is —35 degrees C. It is 
miscible with all common organic solvents 
and oils. It has low water solubility, .001 
per cent. at 25 degrees C. Apart from 
cellulose acetate it is used in almost all 
forms of plastic compositions; thus it is 
employed in making cellulose nitrate 
lacquers and plastics. It is widely used 
with ethyl cellulose. It is a leading 
plasticizer for use with polyvinyl chloride. 
It is also used with chlorinated rubber, 
synthetic rubbers, and so on. It has 
excellent light stability and is non-toxic. 
Methyl Phthalyl Ethyl Glycollate 

This is a typical plasticizer in this 
chemical class. It is a colourless non- 
toxic liquid, specific gravity 1.22, and a 
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high boiling point. It has excellent 
stability towards light. It is miscible with 
most organic solvents, except petroleum 
hydrocarbons. It is not miscible with 
vegetable oils. It is one of the outstand- 
ing plasticizers for cellulose acetate and 
is also effective for cellulose nitrate. It 
finds application in plastic compositions 
based on alkyd resins, polyvinyl chloride, 
polystyrene, etc. 
Triphenyl Phosphate 

Triphenyl phosphate is a solid | plasti- 
cizer, available as white flakes having a 
faintly aromatic odour. The melting 
point is 45 degrees C., while the boiling 
point is about 390 degrees C. It has a 
very low volatility, comparable with tri- 
cresyl phosphate. It has excellent resist- 
ance to moisture, its solubility being 
.001 per cent. at 25 degrees C. It is 
soluble in most organic solvents and is 
compatible with oils and resins. It has 
high chemical stability. It is the out- 
standing plasticizer for the production of 
film and sheet from cellulose acetate. It 
has excellent compatibility with cellulose 
acetate, the retentivity being about 80 per 


cent. It imparts good flexibility and gives 
clear, tough composition. 
Camphor 

Until recent years camphor was 


obtained exclusively from the camphor 
tree which grows in Japan, Formosa, and 
China. It was virtually a Japanese 
monopoly. Camphor wood is digested 
with water, when camphor and camphor 
oil sublime with the steam. Camphor is 
purified by re-subliming. It is a colourless 
transparent material with pungent odour. 
The density is 0.922. It melts at 175 
degrees C., and boils at 209 degrees C. 
It is used on an extensive scale, not only 
for celluloid plastics, but also for explo- 
sives and for therapeutic purposes. 

Adequate supplies of camphor are now 
made synthetically in the U.S.A., in Ger- 
many, and in -Great Britain. It is 
synthesized from pinene, which is obtained 
easily from turpentine. 

Table 1 gives some of the chief physical 
properties of a wide range of plasticizers. 
Fig. 1 shows in graphical form the effect 
of heat on 14 plasticizers. 
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Table 1.—Properties of Some Leading Plasticizers. (Largely based on the figures of 
Fordyce and Meyer.) 

















Mol. Refractive % 

weight M.P., OC. B.P., OC. Sp. gr index water sol. 
Buty! phthalyl butyl glycollate ae 336 <-—45 219 (5 mm.) 1.097 1.488 0.018 
Butyl acetyl ricinoleate . . “ + 397 —65 — 0.940 1.461 — 
Camphor .. i ne _ <a 152 178 204 0.990 _ 0.170 
Chlorinated diphenyl (Arochlor 1242) _ —20 356 1.394 1.627 _ 
Chlorinated diphenyl (Arochlor 1248) - ~9 350 1.456 630 - 
Chlorinated paraffin (Cereclor 2). a _ 260 1.230 os — 
o-Cresyl-p-toluene sulphonate on 262 52.5 _ 1.207 1.558 0.003 
Cyclohexyl-p-toluene sulphonamide, . 253 86 — _ 1.542 0.006 
Diamy! naphthalene Me ae ag 268 <-—50 _ 0.966 1.554 Insoluble 
Diamyl phthalate , . * me <n 306 <-—55 _ 1.022 1.488 0.010 
Dibuty! phthalate a ue - 278 —35 325 1.050 1.490 0.013 
Dibutyl sebacate .. Ww oe oe 314 2 345 0.933 1.493 0.005 
Dibutyl succinate, . “A me a 230 —49 255 0.974 1.428 0.023 
Dibutyl tartrate .. “i uy mn 262 22 312 1.098 1.445 0.485 
Diethoxyethyl adipate .. i x 290 <-—70 _ 1.036 1.439 0.248 
Diethoxyethy! phthalate a oi 310 34 345 1.123 1.492 0.195 
Diethyl adipate .. es ~ J 202 —14 245 1.002 1.426 0.060 
Diethylene glycol diprcpionate as 218 <—82 165 (4 mm.) 1.056 1.429 3.60 
Diethyl! phthalate a - ae 222 —0.3 295 1.118 1.449 0.150 
Diethyl sebacate .. + ae a, 258 1.3 308 0.965 1.435 0.018 
Diethyl succinate, oe o = 174 —29 218 1.048 1.419 0.190 
Diethyl tartrate .. - a = 206 17 280 1.199 1.445 5 
Diocty! phthalate, . ee ae a 390 in 240 (4 mm.) 0.984 — Insoluble 
Dimethoxyethyl adipate _ = 262 —16 210 (4 mm.) 1.075 1.439 1.420 
Dimethoxyethyl phthalate... * 282 <-—60 209-61 (20 mm.) 1.17 1.500 0.838 
Dimethyl phthalate .3 ea se 194 _ 285 1.193 1.513 0.305 
Dipropy! phthalate ie ee Ss 250 -31 158 (4 mm.) 1.071 1.494 0.015 
Ethyl benzoyl benzoate , 3 oa 254 58 355 ° 1.155 1.573 0.010 
Ethylene glycol diacetate i - 146 <-—78 186 1.128 1.414 1.815 
Ethylene glycol dibutyrate ..  .. 202 <-—80 240 1.024 1.424 0.050 
Ethylene glycol dipropionate .. i 174 <-—80 211 1.054 1.419 0.160 
Ethyl phthalyl ethyl glycollate ay 280 <-35 190 (5 mm.) 1.177 1.498 0.050 
Mannitol hexaacetate .. “hs oe 434 atm _ — — _ 
Methyl benzoyl benzoate em oui 240 52 351 _ 1.190 1.587 0.005 
Methyl phthalyl ethyl glycollate ae 266 <-35 189 (5 mm.) 1.220 1.503 0.053 
o-& p-Toluene ethyl sulphonamide .. 199 18 — 1.190 1.540 0.140 
Sorbitol hexaacetate .. oe t _— — _ ~— -_ 
Sucrose hexaacetate .. nw 582 84 —_ 1.347 _ _ 
Triacetin .. Se as os ie 218 <-40 259 1.161 1.429 0.685 
Tributyl citrate .. ae aS yy. 360 <—55 _ 1.040 1.444 0.008 
Tributyl phosphate fd if a 266 <—20 289 0.976 1.421 0.033 
Tributyrin .. ~ ne $% re 302 <-—70 287 1.032 1.434 0.010 
Tricresyl phosphate ms ii8 ae 368 <-35 295 (13 mm.) 1.175 1.556 0.008 
Triethylene glycol diacetate |. aa 234 <-—60 300 1.111 1.437 50 
Triethylene glycol dibutyrate , , es <-—70 154-60 (2 mm.) 1.033 1.437 0.800 
Triethylene glycol di 2-ethyl butyrate 346 — 300 1.107 _ _ 
Triphenyl phosphate ‘ a 326 48.5 245 (11 mm.) 1.185 563 0.002 
Tripropionin ee aa . We 260 <—50 177-82 (20 mm.) 1.078 431 0.313 














Choice of Plasticizers 


The actual selection of suitable plastics 
is in general a matter of trial and error, 
and no hard-and-fast rule can be laid 
down. Clearly it is of importance that 
a plasticizer should be retained in a 
plastic condition, such as already indi- 
cated. If there is any appreciable loss, 
then articles will tend to shrink and 
buckle. Furthermore, the finish and 


appearance of products will be adversely 
affected. It should be clear that the 
general requirements of a plasticizer can 
be summarized as:—(a) it must be com- 
patible with the basic material in fair 
quantity; (b) the plastic must not age by 


loss of plasticizer; (c) there must not be 
any chemical actions occurring which 
may affect the colour and properties of 
the plastic. 


Types of Plasticizer 
Several types of plasticizer are avail- 
able operating according to their solvent 
action on the plastic base. They may be 
summarized as: 


(1) Solvent Plasticizers. Members of 
this group first wet the synthetic material, 
are then taken up by it, swelling to a gel, 
and then form a colloidal solution or sol. 
Large quantities of such materials can be 
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Fig. 1.—Free evap- 

oration of some 

important plastic- 
izers at 100°C. 

















1.—Triacetin. 2.—Tributyl phosphate. 
citrate. 6.—Dibutyl phthalate. 
phthallyl butyl glycollate. 

13.—Triphenyl phosphate. 


mixed, although the products will become 
extremely soft as the quantity increases. 
There is a very close attraction between 
the two materials and it is difficult to 
separate them by physical methods. A 
typical example is dimethyl phthalate and 
cellulose acetate. : 
(2) The second type, which includes 
most standard plasticizers, also forms 
gels, even in low dilutions. The affinity 
between the materials is, however, not 
sufficiently great for the easy. formation of 
solutions. In this type the tendency to 
separate is very small, although it can 
; be affected by volatilization. 

; (3) Plasticizer Extender. In_ this 
instance the material has a limited attrac- 
tion for the basic material and will not 
cause it to gel, and often it will not mix 
at all. This type cannot be used as the 
sole plasticizer in the production of plastic 
materials, owing to the lack of affinity. 
It is very loosely bound and tends to 

sweat out quite easily. 

On the other hand, if compatible plas- 
ticizers are present, then frequently large 
proportions of extenders may be added 
with advantage. The latter appear to 
be held in the compound by the true 
, plasticizer. A typical example is the use of 
chlorinated paraffin, together with dibutyl 
phthalate in polyvinyl chloride com- 
positions. 





25 ; 50 75 
TIME OF HEATING IN HOURS AT 100°C. 


3.—Dimethy! phthalate. 
7.—Dibutyl sebacate. 
10.—Dihexyl phthalate. 
14.—Tricresyl phosphate. 






















4.—Diethyl phthalate. 5.—Triethyl 
8.—Butyl acetyl ricinoleate. 9.—Butyl 


11.—Tributyl citrate. 12.—Dioctyl phthalate. 


Mixtures of plasticizers are often used 
in order to obtain the best balance of 
properties. 

At this point a sharp distinction must 
be drawn between plasticizers and lubri- 
cants; the latter are often added to plas- 
tics in small quantities, to facilitate pro- 
cessing. They should not be confused 
with plasticizers, since their function is 
quite different, and, indeed, there is no 
affinity with the plastic base. 

The long molecules of the lubricants 
help the linear plastic médlecules to slip 
over one another and also readily migrate 
to the surface and act as a lubricant 
between plastic and metal parts in pro- 
cessing, e.g., in extrusion, in moulding, 
etc. They are generally soaps or waxes, 
and include ethyl palmitate, calcium 
stearate, stearic acid, paraffin wax, etc. 


Examples of Applications of Plasticizers 
The most striking example of plastic- 
izer is the behaviour of camphor in 
relation to cellulose nitrate. This was 
one of the earliest examples of the use of 
a plasticizer, and it still remains out- 
standing in this field of activity. Other 
examples include the use of tricresyl 
phosphate in polyvinyl chloride, the use 
of blends of plasticizers in cellulose 
acetate, and ethyl cellulose and so on. 
Most materials having the primary 
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characteristics, namely, high boiling 
point, have been tried as plasticizers in 
every type of plastic, yet comparatively 
few are employed in commercial practice. 
It is very interesting to note that the 
same range of plasticizers applies almost 
equally well for most types of plastics 
irrespective of chemical compositions. It 
would almost seem that some physical 
attribute is the really important factor. 
On the other hand, some materials are 
exceptionally good plasticizers for specific 
types of materials, e.g., tricresyl phos- 
phate for polyvinyl chloride or for 
cellulose nitrate, but are of comparatively 
little use for others, e.g., for cellulose 
acetate. There are exceptions where a 
material has a specific influence, notably 
the case of camphor in nitrocellulose. 

Some of the standard plasticizer com- 
binations for industrial use are as 
follow :— 

Cellulose acetate; dimethyl and diethyl 
phthalates; triphenyl phosphate for 
reducing inflammability and _ raising 
the softening point; sulphonamides except 
whére light stability is required; methyl 
phthalyl ethyl glycollate and methoxy- 
ethyl phthalate. 

Cellulose acetate-butyrate; phthalates 
and tripropionin. 

Cellulose nitrate (11 per cent. nitrogen 
for plastics); camphor, tricresyl phos- 
phate. 

Cellulose nitrate (12 per cent. for 
artificial leather); castor oil. 

Polyvinyl chloride; dibutyl phthalate 
for elasticity, dibutyl sebacate for low 
temperature, flexibility; higher phthalates 
such as hexyl, octyl, capryl, or butoxy- 
ethyl; tricresyl phosphate for low loss on 
heating. 

Polyvinyl chloride-acetate; dibutyl 
phthalate, dihexyl phthalate, dioctyl 
phthalate and tricresyl phosphate for 
special puxrposes. 

Polyvinyl butyral; dibutyl sebacate, 
triethylene glycol dihexoate and similar 
poly glycol esters. 

Ethyl cellulose; phthalates, chlorinated 
diphenyl; mineral oils, castor and other 
vegetable oils for rubbery characteristics. 
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Plasticizers only emphasize the inherent 
characteristics of the basic material. If 
they are there, then the plasticizer will 
bring them out. If they are not there, 
then the plasticizer will have no influence. 
For example, unless there exists in the 
basic material conditions for certain 
properties, e.g., toughness and so on, the 
characteristics of high polymers, the 
plasticizer cannot confer them. In the 
case of materials having different chain 
lengths (different molecular weights), for 
example, cellulose acetate or ethyl cellu- 
lose, no amount of plasticizer will give the 
same strength characteristics in the short 
chain material as can be obtained in the 
long chain material. 


Existing Theories 


A number of theories have been put 
forward to explain the action of a 
plasticizer. 

In many cases the plasticizer ability is 
indicated by a tendency for the plastic 
base to gel in the plasticizer, after the 
manner of gelatine and water, either on 
standing or when warm. Debell visual- 
izes the plasticizer molecules attaching 
themselves to the plastic base by virtue 
of the attraction between some of their 
chemical groups and specific groups on 
the large base molecule, so that they hold 
the long molecules apart and permit them 
to slide over each other with considerable 
freedom. 

According to Ott!, a plasticizer swells 
a long chain, e.g., the cellulose chain. In 
this way the chains are pushed farther 
apart, and the bond of attraction between 
neighbouring chains is reduced. The 
behaviour of camphor in celluloid illus- 
trates this. Nitrocellulose chains appear 
to possess strong attractive forces, due 
probably to the small compact nitrate 
groups. To plasticize nitrocellulose it is, 
therefore, necessary to choose a material 
having a powerful solvent action; that is 
to say, something which can push the 
chains. apart and attach itself to the 
nitrate groupings. High compatibility is 
thus necessary, and the material will be 
uniformly distributed. Camphor does 
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this and appears to form a stable group- 
ing associated with the nitrate groups. 
The large camphor molecules are able to 
hold the cellulose chains well apart except 
at rare intervals, where the chains may 
be strongly held. In this the tendency 
will exist that long stretches of chains are 
faintly attracted to adjoining ones, and 
are free to move under heat influence. 
The occasional linkage with a neighbour- 
ing molecule prevents cold flow. In many 
senses this system resembles vulcanized 
rubber; and, indeed, celluloid actually 
does show considerable elasticity. 

Elam, Preusser and Page® have 
examined the work carried out on 
plasticizers and conclude as follows:— 

A plasticizer is added to a resin in order 
to impart toughness and flexibility. An 
attempt to explain the mechanism 
whereby these changes in physical proper- 
ties are produced is necessarily somewhat 
speculative. The polymer may be con- 
sidered as a mass of chain molecules, each 
possessing a linear dimension that is very 
large compared with the cross section. 


The vinyl-type resins are composed of ° 


units, each of which contains polar 
groups, and these groups give rise to 
forces of attraction which hold the mass 
together in a rigid compact structure. 

Polymers which do not have large side 
groups (polyvinyl chloride, for example) 
may have regions of regular spacing 
which are described by Mark® as crystal- 
line. 

One function of a plasticizer is to offer 
to the polymer molecule polar groups 
which will be attracted to the polymer in 
preference to polar groups from another 
polymer chain. This causes dissolution of 
the polymer by relaxation of the forces 
between adjacent chains, and permits the 
chain segments to slip past one another 
under mechanical stress. 

Expressed in another way, the plastic- 
izer molecule is interposed between two 
polymer chains and is less strongly 
attracted than the chains are to each 
other. 

Another function has been termed a 
‘‘ Jubrication ’’ action, which supposedly 
facilitates the gliding of polymer chains 
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past one another. It is possible that this 
effect is related to a ‘‘ bulking ’’ process, 
wherein the plasticizer, which associates 
with the resin, effectively creates new side 
groups and prevents the chains from fit- 
ting into a more or less regular lattice 
structure. 

A general pattern for designing plastic- 
izers has been suggested by Kirkpatrick.‘ 
The presence of highly polar groups (O 
attached to S, P or C) favours compati- 
bility with a highly polar resin. If the 
plasticizer has a long chain structure, the 
polar groups are preferably to be dis- 
tributed along the chain. Similarity in 
shape between the plasticizer and mono- 
mer is desirable; at least it seems advan- 
tageous that the polar groups of the plas- 
ticizer should be in a geometrical pattern 
of polarity which complements that of a 
resin segment. 

According to Ivanova and Rogovin,® a 
plasticizer that is capable of dissolving 
the cellulose ester, e.g., a solvent plastic- 
izer, causes a regular decrease of strength 
(ultimate tensile) with increasing quan- 
tity of plasticizer. A non-solvent plas- 
ticizer will, in small amounts, make the 
product stronger. On further increase of 
plasticizer the strength falls, as with the 
solvent type. 

It may be said that the solvent plas- 
ticizer is capable of overcoming, by itself, 
the high cohesion in the crystalline 
structure, and a non-solvent plasticizer 
adheres to the ester in amorphous regions, 
or after the regular lattice has been dis- 
rupted by a volatile solvent. 


The Action of Plasticizers 


Strength and toughness are characteris- 
tics of long-chain molecules, e.g., of 
typical plastic materials. The molecules 
must also be in close proximity so that if 
there are very long or bulky side groups 
which keep the main chains far apart 
they will tend to be soft and lacking in 
strength. In fact, the introduction of 
bulky side groupings is one method 
adopted in synthetic chemistry to soften 
refractive high polymers. Consequently, 
an effect somewhat similar to that pro- 
duced by plasticizers is attained by 
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Table 2.—Influence of Chemical Plasticizing. 
% Softening Softening point 
Vinyl chloride point 100 polymer /50 T.C.P. 
Polyvinyl chloride .. = about 180°C. 85°C. 
Polyvinyl! chloride-acetate about 150°C, 75°C, 
Polyvinyl chloride-acetate about 130°C, 65°C, 
Polyvinyl acetate 38°C, pe 














Table 3.—Influence of Chemical Plasticizing on Amount of Added Plasticizer Required 
to Give Same Flow Temperature.’ 





Parts dimethyl 
phthalate to give 


Parts diethyl Parts dimethoxy! 
phthalate to give phthalate to give 
flow at flow at flow at 





266°F. 307°F. 2660°F. 307°F. 266°F. 3070°F. 





Cellulose acetate (38.5%, acetyl). . 37.8 22.6 59.5 38.7 62.5 39.6 
Cellulose acetate butyrate (37% butyryl and 13% 
acetyl) i es a .% me r Sa 15.8 6.3 17.0 7.0 18.5 7.8 























chemically combining suitable groups 
directly on the molecule itself. Thus, in 
polyvinyl chloride-acetate, the acetate 
group serves to act as a plasticizer even 
though additional plasticizers may be 
required. The amount of additional plas- 
ticizer required to get equivalent 
plasticity will be much less than with 
straight polyvinyl chloride. The more 
acetate groupings present, the softer and 
more amenable to processing the material 
becomes. 

This technique of effecting plasticiza- 
tion by chemical methods has been closely 
studied. Its influence is apparent in many 
commercial plastics. 


Spacing Effects in Chemical Plasticization 


It is interesting and instructive to con- 
sider how introduction of side chains 
profoundly affect the plastic behaviour. 
Consider polyvinyl chloride and poly- 
vinyl chloride-acetate copolymer. It 
should be made quite clear that con- 
sideration is only given to ideal sections 


of chains and that the effects are three- 
dimensional. 

These adjoining sections of two poly- 
vinyl chloride chains (Fig. 2) are in close 
proximity. Between them there exist 
considerable cohesive forces (or Van der 
Waal’s forces) largely due to attraction 
between the chlorine atoms. These 
forces are strong enough to resist separa- 
tion or thus prevent easy flow when the 
temperature is raised. Where vinyl 
acetate groups are introduced and a 
copolymer is formed the picture is rather 
different (Fig. 3). Consider two adjacent 
chains of a copolymer. 

Introduction of the acetate group quite 
clearly spaces the long chains apart and, 
consequently, greatly reduces the cohesive 
forces. As a result the softening point 
is lowered and less added plasticizer is 
required to attain any desired plasticity. 

The spacing effect is exaggerated on the 
diagram since the likelihood of acetate 
groups coming opposite each other will 
be comparatively small until the concen- 
tration of acetate reaches a high value. 
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Fig. 3.—Adjoining 
polyvinyl chloride 
acetate chains. 
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This general principle seems to work 
out in practice. Consider acrylic ester 
plastics. (Fig. 4.) 
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The most admirable illustration of this 
principle is perhaps seen with butyl 
methacrylate polymers. There are three 
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Figs. 4 and 5—Comparison between ethyl acrylate chains (left) and methyl 
methacrylate chains (right). 


These are adjoining portions of two 
ethyl acrylate polymer chains. If the ethyl 
group is replaced by propyl or butyl or 
longer groups the materials become softer 
and softer, i.e., the chains are being 
spaced farther and farther apart. 

Consider ethyl acrylate polymer in 
comparison with methyl methacrylate 
polymer, with which it is isomeric. (Fig. 
5.) The latter is much harder and the 
reason seems fairly easy to explain. The 
side chain—the spacer chain—is distinctly 
shorter. 

The methyl group attached to the main 
chain will have little influence on the 
spacing. 

As the side chain (or spacer chain) in 
methacrylate becomes longer, i.e., ethyl is 
replaced by propyl, butyl, etc., the 
polymers become softer and softer. In 
fact, with an exceptionally long group 
such as lauryl the material is liquid. 


butyl alcohols: normal, secondary and 
isobutyl, each of which polymerizes and 
which give corresponding groupings in 
the polymers. So the unit in each chain 
is respectively as shown in Fig. 6. 

According to the spacer theory n-butyl 
methacrylate polymer should be softer 
than secondary, which in turn should be 
softer than the iso-compound. The 
softening points are:— 


n-butyl methacrylate polymer ... 33°C. 
Secondary butyl methacrylate 
polymer Pee ‘ sco CRG. 


Iso-butyl methacrylate polymer 70°C. 

In the case of polystyrene the linear 
chain is considered to have the flat ben- 
zene hexagon sticking out at regular 
intervals. Two adjoining chains will tend 
to interlock like a zip fastener. (Fig. 7.) 

Flow will be extremely difficult until 
temperature conditions are sufficient to 
push them apart. 
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If a plasticizer is added, e.g. tricresyl 
phosphate, the chains are pushed apart 
and the softening point drops to such 
an extent that the material becomes too 
soft for most commercial applications. 

In the alkyd resins the monobasic 
fatty acids perform a similar function. 
In cellulose acetate butyrate, the butyric 
acid helps to soften the plastic. Its 
presence makes necessary only small 
amounts of additional admixed plastic- 
izers. Similar molecule effects are seen 
in the oil-soluble curing types of resins, 
as, for example, the butyl ether groups 
in the urea resins used for industrial 
finishes. 

Some phenomena are difficult to 
account for. Thus tricresy] phosphate is 
an excellent all-round plasticizer. Yet it 
is quite incompatible with cellulose 
acetate, and is not used. On the other 
hand the closely related triphenyl phos- 
phate is one of the leading plasticizers for 
cellulose acetate. 


Relationship Between Chemical Plastic- 
izing Action and Addition of 
Plasticizers 
It has been indicated that the essential 
feature affecting plasticity of long chain 
polymers is to get the long chains apart, 
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methacrylate polymer 


so that they can pass each other and 
flow. In copolymers and in polymer 
design the spacing is achieved by the 
introduction of the long spacer groups by 
chemical methods. 

This spacing effect illustrated by 
chemically combined copolymers, and 
polymers with long side chains, provides 
a useful parallel for plasticizer action. 
The effect of added plasticizers may be 
more marked only because relatively 
large quantities are used. 

Plasticizers act as detached spacers. 
They will, to some extent, be attracted 
to the long chains. If this attraction is 
high they may in effect be attached to 
the long chains albeit by forces which are 
much weaker than exist with the spacer 
groups. The affinity will be shown by 
the tendency for gelling, which indicates 
the building up of a three-dimensional 
structure. The long molecules will there- 
after tend to become so effectively and 
evenly spaced out that solution becomes 
possible. 

Where the attraction between plastic- 
izer-molecule and long chain is less than 
in the previous case, then the spacer 
effect is achieved with little or no degree 
of attachment. If attraction is present 
up to a certain degree a gel may be 


Ch, CH ee 


bo bo 


CH. cama u waiag  s oa 


Fig. 7.—Two adjoining polystyrene chains. 
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formed, but solution will not be possible. 
There will be sufficient holding force to 
prevent the plasticizer moving. 

The extreme case is where the material 
will act as a spacer, but with no effective 
attachment to the long molecule. It is 
free to move and does so, migrating and 
tending to sweat and bleed out to the 
surface. 

Different plasticizers will vary between 
these conditions, according to the specific 
attraction existing between it and the long 
chain polymers. It is possible for a good 
plasticizer to mix in with a bad plastic- 
izer, and yet have an increased effect, 
i.e. the poor material acts as an extender. 
In this case the poor plasticizer can 
clearly exert its spacer effect and be held 
in by its attraction, not to the long chain, 
but to the plasticizer molecule. 

These principles work out in practice. 
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The four types of plasticizers may thus 
be summarized as:— 
(a) Copolymerization, which affords 
a chemical spacer between chains, 
(b) Solvent plasticizer which acts as 
a chemical-physical spacer, 
(c) Ordinary plasticizers which act 
as physical-chemical spacers, and 
(d) Extenders which act as physical 
spacers. 
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FIRE HAZARDS (continued from p. 448) 
thermoplastics. Magnetic separators 
should be placed in the feed line to the 
mill, in order to hold back metallic par- 
ticles which may cause frictional sparks, 
thus igniting the powder. Such ignitions 
occur with explosive violence. 


Thermosetting Plastics 


The above are derived from phenol, 
cresol, urea and melamine, and are all 
inflammable when in the B stage or when 
they are dissolved in volatile organic sol- 
vents. In this form they are used for 
impregnating cloth and paper in the 
manufacture of laminated boards. The 
solvent usually employed in this work 
is alcohol, having a flash-point of about 
60 degrees F. The impregnating and dry- 
ing chambers should be efficiently venti- 
lated, preferably through a_ solvent 
recovery plant which has the advantage 
of simultaneously reducing fire risks a:id 
manufacturing costs. 

During the manufacture of thermo- 
setting moulding powders the main 
hazards are from organic. solvents 
employed, the raw materials being inflam- 
mable, but not particularly hazardous, 


since they have high flash-points. After 
setting into the C stage by heat and pres- 
sure, the mouldings may be regarded as 
substantially non-inflammable unless in 
finely powdered form. Occasional fires 
and explosions do occur in high-speed 
grinding of thermosetting materials, but 
the installation of dust extraction and 
precipitation plants and the. provision of 
explosion vents in the grinders should 
reduce these risks. 


‘* Good Housekeeping ”’ 


No wiser counsel of perfection could be 
offered in the fight against fire than the 
exhortation for a clean shop. All 
machines used for cutting and grinding 
must be kept clean and piles of dust and 
swarf should not be permitted to accumu- 
late in large quantities when an opera- 
tion is under way. Odd pieces of metal 
lying around on a concrete floor are likely 
to be kicked and produce sparks, which 
in turn may produce fire. Oily rags, 
scraps of paper, shavings, etc., have a 
nasty habit of gathering beneath benches 
and in odd cubby holes. Clear them, 
for they are a potential danger, and all 
represent fuel for the flames. 
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World’s Industry 
Employs Plastics 


Daa 
GENERAL ENGINEERING 


Incidental corrosion 
of metals by plastics 
was investigated by 
Wiederholt and 
Groebe_  (‘‘Chem. 
Technik.,’” 1942/15/ 
226). The problem 
involved possible 
chemical attack result- 
ing from by-products formed during the 
plastic curing process. Gaseous products 
may be evolved during curing and 
escape through pores; water soluble 
matter may be dissolved. Copper, brass, 
iron, zinc, aluminium, magnesium and 
alloys of the last three metals were sub- 
jected to controlled attack by ammonium, 
phenol, cresol, formaldehyde, formic 
acid, oxalic acid and ammonium com- 
pounds of the acids. The metal strips 
were partially immersed for 105 days in 
solutions of these chemicals in concen- 
trations of 0.01 and 0.1 per cent. Com- 
parisons were made with the action of 
distilled water. The phenol, cresol and 
formaldehyde solutions caused, appar- 
ently, no more effect than water. Dilute 
acetic acid and ammonium acetate acted 
on copper, brass, zinc, magnesium, and 
on alloys on the last two metals, whilst 
polished iron was also affected, the attack 
being naturally greater than that of dis- 
tilled water. Phosphated and greased 
iron and copper-free aluminium alloys 
were not. attacked to any extent. A 
series of metal sheets were exposed for 
90 days in ‘a moist atmosphere at 
40 degrees C. to the action of various 
plastics in powdered form, which were 
pressed into compacts after mixing with 
appropriate and very dilute concentra- 
tions of oxalic and acetic acids. It was 
clear that, during pressing, much of the 





acid addition was expelled, consequently 
resultant attack was less. . Analysis of 
seven common plastics showed appreci- 
able traces of chlorides and sulphates 
removable only with difficulty from a 
finished moulding even by soaking in 
water, hence it seems that attack of 
metals by plastics in contact with them 
should be on a limited scale. Chemical 
breakdown through ageing, with a 
resultant release of reactive agents (such 
as chlorine from polyvinyl chloride) was 
not covered by the author’s work. 
Mechanical properties of cellulose acetate 
have been investigated by Findley (Proc. 
A.S.T.M., 1941/41/1231 and 1942/ 
42/914). Test environment was main- 
tained at 77 degrees F. and 50 per cent. 
relative humidity. In repeated bend 
tests, speed of bending and stress range 
were both found to be important. The 
author also discusses the effects of shape 
of fatigue specimens on the endurance 
limit, i.e., circular, square or rectangular 
cross section. Static compression tests 
on aged specimens tested at fixed 
intervals over a period of 10 months show 
that initial moisture content and time 
affect yield point and weight changes in 
the specimen. Static torsion, tension and 
compression tests carried out at constant 
rate of strain indicate that strain rate 
and type of loading may influence the 
apparent mechanical properties deter- 
mined. Stress-concentration effects were 
demonstrated’ on drilled specimens. 
About 14 months were required for 
equilibrium to be reached in compression 
in an atmosphere maintained constant as 
to temperature and humidity. Yield 
point and point of fracture increase with 
increasing rate of strain in tension, com- 
pression and torsion (Trans. A.S.M.E., 
1943/65 /479). Continuous heating of 
phenolic mouldings results in character- 
istic changes in mechanical properties. 
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Carswell Telfour and Haslange investi- 
gated changes in impact and bend 
strengths on six types of phenolic resin 
moulding for all temperatures up to 
255 degrees C. and for periods up to 500 
hours. Drilling of plastics with so-called 
‘“ Hardsteel’’ was referred to in a recent 
issue of ‘‘ Plastics.” The same material 
is also claimed to be suitable for manu- 
facture of reamers. Classified replace- 
ment and substitution materials are listed 
in a recent Swiss publication under the 
title ‘‘ Nachschlagewerk fiir Austausch 
und Neuwerkstoffe.’’ This. compilation, 
which is scientifically codified and drawn 
up with an eye to war emergency condi- 
tions in Switzerland, lists manufacturers, 
primary sources, applications and de- 
velopment possibilities in every type of 
so-called substitute material. Particular 
attention is naturally paid to those falling 








within the plastics group. The book 
comprises 222 pages. 
MOTORS 
New rubber - like 
material under the 
trade name “ Mar- 
vinol’’ has been 


developed by _ the 
Glenn Martin Aircraft 
Co., particularly for 
use as inner tubes. It 
is interesting to note 
that a great feature is made of the fact 
that the material is 100 per cent. reclaim- 
able and highly impermeable to air. 
Experimental tubes installed on the com- 
pany’s cars have covered more than 
6,000 miles without reinflation. The 
material has also been made into gloves, 
and in the company’s photographic 
laboratory these have lasted for 55 days 
as against 14 days for natural rubber 
gloves. Light design is compared with 
lightweight design by Koenig in a recent 
lecture at Zurich University, reported in 
“Schweizer Archiv. f. angew. Wissen- 
schaft und Technik,’’ 1943/9/156 (para- 
phrase translation in ‘‘ Light Metals,’’ 
1943/6/514). The author discusses his 
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subject from the standpoint of dynamics, 
production technology, and economics. 
He concludes by saying that the light 
road vehicle of the future will be the 
resultant of a scientific blending of heavy 
metals, light metals, plastics and wood 
specifically used in those particular 
spheres where fullest advantage can be 
taken of the special properties of each. It 
is interesting to note that the author’s 
data are generally applicable both to 
metallic and non-metallic structural 
materials. Achievement of structural 
lightness and problems encountered are 
considered by Thum in a lecture reported 
in ‘‘ Schweizer Archiv. f. angew. Wissen- 
schaft und Technik,’ 1943/9/133. The 
account is devoted mainly to metallic 
structures, stress analysis methods for 
which are discussed in some detail. The 
values of wood and moulded plastics are 
considered from the standpoint of their 
lowest specific gravity, but their limita- 
tions with respect to such qualities as ten- 
sile strength and elastic modulus are 
indicated. On page 147 of the account a 
graphical presentation indicates the value 
of the various materials discussed in 
terms of tensile strength and deflection. 
Here it is to be noted that the figures for 
plastic mouldings compare favourably in 
certain respects with those for aluminium- 
base and magnesium-base alloys. The 
paper is primarily mathematical. Com- 
parison of structural properties of a 
structural steel, duralumin, a magnesium 
alloy, a laminated plastic and a timber 
(ash) is presented by Dudley in a discus- 
sion on practicable means and limitations 
of reducing the weight of commercial 
vehicles. The account concentrates more 
specifically on post-war developments, 
the properties of the materials compared 
are tabulated and graphs are derived 
showing the advantages to be achieved 
by minimizing dead weight. It is to be 
noted, in particular, that the author 
stresses the structural limitations of each 
of the materials with which he deals, a 
point brought out again by Koenig in 
the lecture referred to elsewhere on this 
page. (‘‘ Commercial Motor,’’ 1943, 
Oct. 1, page 154.) 








Simultaneous high- 
frequency heating and 
heavy compression is 
employed by  Plus- 
wood Inc. (Oshkosh, 
Wis.) in the manufac- 
ture of a resin- 
impregnated plywood 
sold under the trade 
name of ‘‘ Pluswood.’’ It is claimed that 
whilst the specific strength of the material 
is increased by this treatment, the surplus 
resin content is reduced. The specific 
gravity of the product is approximately 
1.4, or half that of aluminium and one- 
fifth that of steel. It is rot proof, 
impervious to mild acids and will not 
support combustion. Its tensile strength 
in a direction parallel to the laminations 
is claimed as 14-18 tons/sq. in 








Surface replicas of 
metallographic speci- 
mens for examination 
under the electron 
microscope may be 
made by appropriate 
treatment of the sur- 
face with a _ dilute 
solution of polyvinyl 
formal. This film, after drying, is peeled 
off the sample under water and mounted 
for inspection under the microscope. 
New standard definitions and designa- 
tions for plastics produced in Germany 
came into force on February 1, 1943 
(V.D.E., 0320/XII/42). Plastics are 
defined as materials consisting of organic 
tesinoid masses, shaped by moulding, 
injection moulding, etc., and subjected 
simultaneously or subsequently to some 











form of heating. Materials based on 
natural rubber, natural albuminoid 
masses, and ceramics are excluded. 


Standard designations said to be based 
on international agreement (V.D.I. 
Zeit., 1943/87/231) 


are put forward 


PLASTICS 





OCTOBER, 1943 

as a simplification of the present nomen- 
clature. Serial numbers 00 to 009 cover 
moulded materials; 2,000 to 2,999 cover 
laminated materials. The last figure in 
the serial number gives an approximate 
figure representative of the mechanical 
properties of the material, 0 signifying 
the lowest mechanical properties and 9 
a high strength material. Special proper- 
ties are further catered for by the addi- 
tion of suffixes to the basic serial number. 
Thus 3 implies high mechanical strength, 
5 high electrical strength and 7 a 
chemically resistant material. Under the 
new system, phenolics with wood-flour 
filler formerly classed under the designa- 
tion S are given the number 31; 31.5 
replaces the older S* and indicates a 
material of good electrical properties; Z, 
is replaced by 51 (phenolic resin and 
cellulose-fibre filler). Further details of 
this system of nomenclature can be found 


in ‘‘Elektrotechn. Zeit.,’’ 1943/64/26 
and “ Kunststoffe,”’ 1943 / 33/78. 
Plastic-sealed armbands, identification 


badges, tool checks and similar identifi- 
cation devices provide a _ convenient 
method for assuring the identification of 
key men and various departmental 
employees, that is, inspectors, foremen 
and others. The Holywood Athletic Co., 
Los Angeles, supply these items 
with permanently printed appropriate 
addresses and inscriptions. The badges 
are waterproof, oilproof and light, they 
are not readily damaged, and cannot be 
tampered with without destruction of the 
sealing. Stress analysis of massive 
hydraulic structures such as dams, break- 
waters and lock gates by means of models 
incorporating. moulded or cast plastic 
ccmponents is discussed in a_ recent 
manual on hydraulic models issued by 
the American Society of Civil Engineers. 
This work makes the interesting observa- 
tion that current hydraulic science is 
closely associated with aeronautical 
science, and, in its practical aspects, has 
begun to absorb much of what was 
previously confined to the pure theory 
of fluid mechanics. Microbic and 
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POLYMETHYL METHACRYLATE 


This thermoplastic material is available in sheet form from which simple 
or complicated shapes are easily produced. By the use of cements made 
of the same material, sheets can be strongly and almost invisibly joined. 
The exceptional transparency of this plastic is one of the principal 
reasons for its general use. Much of to-day’s output is earmarked 
for the manufacture of the transparent parts of military aircraft. 


After the war Polymethyl Methacrylate will be offered in a range of 
attractive translucent and opaque colours, but meantime opal material 
is available for high priority purposes. 

I.C.I. Polymethyl Methacrylate in sheet form is known as “PERSPEX” 
(a registered trade mark) and is one of the many plastic products made 
by Imperial Chemical Industries Limited who invite enquiries from 
manufacturers, engineers and designers interested in their application. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Sales Offices at Mill Hill, London, N.W.7; Oldbury, near Birmingham ; Alderley Edge, Cheshire ; 
Bristol ; York ; Newcastle-on-Tyne ; Leicester ; Bradford ; Glasgow ; Belfast ; Dublin. 
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Plastic-Coverad 
moulded on machine 


Time $2 seconds: 





Every H.P.M. press is equipped 
with its own self-contained 
hydraulic system. There is 
therefore no wastage of power 
and no long, cumbersome pipe- 
line. Maintenance costs are 


reduced to a minimum. 


Oil has replaced water as 
a pressure medium. 


Lubrication is automatic. 
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fungoid attack or destruction of paper 
is fully reviewed by O. Verona in 
‘* Cellulosa,’’ vol. 3, p. 45; 94. The 
author’s experimental work was carried 
out mainly on fungi and micro-organisms 
isolated from old books. Many new types 
were discovered. Remedies are suggested 
to prevent attack. Influence of various 
physical and chemical properties of wood 
flour on phenolic moulding powders and 
the effect of the constituents of the syn- 
thetic resin in the wood flour was studied 
by Natradze and Togdanov respectively 
and reported in ‘‘ Khim, Refrat, Zhur,’’ 
1939, p. 85. Particular reference is paid 
to the effect of particle size of the filler 
and to the chemical action upon it of 
phenol and phenol mixtures as regards 
resistance to chemical attack. Impregna- 
tion media for the treatment of fabrics in 
particular are listed and discussed by 
Mayer in ‘‘Gelatine-Leim, Klebstoffe,’’ 
vol. 8, p. 5. The author refers inter alia 
to the salts of naphthenic acid (alu- 
minium and copper naphthenates) to 
various synthetic and natural resins and 
rubbers, to inorganic fire and rot-proof- 
ing media, and to the specific uses of each 
of the various groups. In the same 
journal (p. 9), synthetic-resin impregna- 
tion of transport vessels, such as wooden 
barrels for beer, is briefly commented 
upon. Plasticizing of albumenoid resins 
(natural) is considered by Eggert in 
‘‘Gelatine-Leim Klebstoffe,’’ vol. 7, 
p. 171. Difficulties in controlling the 
elastic properties of these materials are 
commented upon. Cell structures of 
typical woods used in paper manufacture 
and of interest to the plastics industry are 
investigated in detail by Dunkel in 
‘“Wochenblatt fiir Papierfabrikation,’’ 
vol. 71, p. 93, and by Huber and Schmidt 
in the same journal, p. 125. In particular, 
the cell form and composition of various 
typical temperate and tropical timbers are 
tabulated. Defects in artificial leather 
arising during manufacture are discussed 
by Fritz in ‘‘Nitrocellulose,’’ 1943/14/22. 
Ill-assorted masses give rise to porous 
sheets, and the author refers also to pin- 
holing which may occur during the dry- 
ing out of the treated material; this may 
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be due to moisture in the basic material 
or to too rapid evaporation of the solvent 
in the coating. Extraction of resin from 
tomato skins by treatment with alkali, 
followed by an organic solvent, is claimed 
in a French patent (873,981). The resin 
is said to be very suitable for the manu- 
facture of linoleums. Properties of nitro- 
cellulose are examined in detail by Fabel 
in ‘‘Nitrocellulose,’’ 1942/13/207 and 
1943/14/3. The author discusses in detail 
both the physics and chemistry of the 
material, and its reaction during techno- 
logical processing. Super-polyamides, 
their chemistry, properties and applica- 
tions, form the subject of a brief note by 
Yarsley in ‘‘ Trade and Engineering,’ 
October, 1943, page 44. The writer pays 
particular attention to the notable heat- 
resisting qualities of certain of the 
Nylons. He observes that, whereas the 
majority of the thermoplastics soften 
markedly in the neighbourhood of 70 
degrees C., and hence can rarely be used 
in practice at temperatures above 60 
degrees C., Nylon-type plastics are avail- 
able which do not soften appreciably 
below 230 degrees C.; furthermore, it 
appears likely that this present limit will 
be raised when polyamide systems are 
more fully examined and developed. The 
low specific gravity of these materials is 
commented upon, as well as the fact that 
they may be worked by all existing pro- 
cesses with existing plant. It should, 
however, be observed that the production 
of injection mouldings is somewhat com- 
plicated by the high viscosity of most 
polyamides at present optimum working 
temperature. The Nylons share a pro- 
perty possessed by certain other plastic 
groups of acquiring vastly superior 
mechanical properties if subjected to a 
stretching process whereby their normal 
tandom structure undergoes preferential 
orientation. This entails difficulties in the 
production of high-strength Nylon mould- 
ings where such orientation could, pre- 
sumably, be obtained only by the 
application of intense electrostatic fields— 
a technique still virtually unexplored in 
this sphere. 
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PRODUCTION 
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PROTECTION OF STEELWORK IN 

_ ACID ATMOSPHERES.—Quite apart from 

the obvious case of the chemical, explosive 

and allied industries, many technical opera- 

tions result in a strongly acid atmosphere, 

which plays havoc with steelwork and other 
equipment. 

The remedy for the protection not only 
of the steelwork but also of the walls, roof 
and other parts of the building, including 
equipment such as water tanks and soften- 
ing plant, is to paint with ‘‘ Detel,’’ which 
it is well known is chlorinated rubber made 
by a special process, dissolved in an organic 
solvent, and in one form applied with a 
brush on the same lines as paint, a produc- 
tion of Dete! Products, Ltd., of Greenford, 
Middlesex. 

As a result there is left by evaporation 
on the metal or other surface, e.g., con- 
crete, stone, brick, wood, paper and canvas, 
a tenacious, non-inflammable film, which 
possesses remarkable properties of resist- 
ance to corrosion, not only by the atmo- 
sphere, but also all kinds of acids and 
alkalis, strong or dilute. 

For iron and steel a variety known as 
‘“D.M.U.’’ is used, containing a large 
amount of finely divided metallic zinc, 
which has the effect of giving additional 
true anodic protection. 

A typical example of what is being 
accomplished in this way is the protection 
of girder work and pipes in a glue and 
gelatine factory, where the atmosphere is 
strongly acid because of the use of hydro- 
chloric acid for the treatment of the 
calcium phosphate in bones. Hydrochloric 
acid, it is well known, has a particularly 
severe action upon steel, and in the above 
case protection is given by the use of 
‘*D.M.U.,’’ which was painted on top of 
another modification, Detel ‘‘ Red A,’’ the 
latter containing a red pigment. It should 
be pointed out the conditions are very bad 
because in addition to hydrochloric acid 
there is also present sulphurous acid, while 
the atmosphere is hot and steamy, repre- 
senting very favourable conditions for 
corrosion. 

For use with tanks and vats the product 
is available both as a soft paste and as a 
flexible sheeting, and another of the latest 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


modifications is able to withstand tempera- 
tures up to 212 degrees F., in this respect 
representing an improvement as compared 
with rubber. Other advantages possessed 
in the latter connection by chlorinated 
rubber are greatly increased resistance to 
all kinds of chemical action, combined with 
excellent fireproof qualities, due to the high 
chlorine content. 

Some of the main applications of the 
various modifications include protection of 
all kinds of steelwork exposed to the atmo- 
sphere, as well as of ships and dock, 
harbour and lighthouse plant in contact 
with sea water. 


BRONZE CHECK VALVES.—Much 
interest attaches to the range of the 
standardized non-controllable and control- 
lable automatic non-return check valves, 
suitable also for use as drain isolating 
valves, made by Hopkinsons Ltd., Hudders- 
field, who have recently issued literature on 
the subject. 

The standard horizontal valve with screw 
connections, either non-controllable or pro- 
vided with a hand wheel’to control the 
aation, is made in eight standard sizes, 
ranging from }-in. bore to 3-in. bore, the 
latter, however, unlike the other seven 
sizes, having a studded cover. Also this 
range of horizontal check valves is made 
with flanged connections, controllable or 
non-controllable, as before, and in addition 
the non-controllable type is supplied for 
operation in the vertical position, either 
flanged or screwed, made in seven standard 
sizes, }-in.-2}-in. bore. The complete range 
of valves is suitable for a maximum working 
pressure in the case of steam of 250 Ib. per 
sq. in., but:with water, oil or air the pres- 
sure is 350 lb. per sq. in. 

The workmanship is of the firm’s usual 
and well-known high-grade character, with 
the valve and seat of ‘‘ Platnam ’’ resistant 
alloy, the cover being screwed into the body 
(except in the case of the 3-in. size, as 
already mentioned), whilst both parts are 
of high-class bronze. In the controllable 





valves also the spindle is made of an alloy 
specially developed for this class of work, 
the screw threads being full ‘‘ acme.”’ 

A special feature of these valves is the 
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FROM FINE FINISHES 
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design of the seat, which is screwed into the 
body, and the metal-to-metal joint made 
on a taper surface accurately machined to 
limit gauges, thus ensuring complete fluid 
tightness without the need for the applica- 
tion of undue force on screwing down. An- 
other advantage of this type of seat is easy 
removal when necessary. 


SCOTTISH PLASTICS PRODUCTION.— 
Scottish paper-making firms are reported to 
be taking a very considerable interest in 
plastic production and in some cases are 
already actively engaged in productive work 
for war purposes. Details cannot be issued 
at present, but it is believed that the 
growing threat of plastics to paper as a form 
of packaging material has been a material 
factor in encouraging such interest since 
paper makers, concerned with the produc- 
tion of containers, apparently intend that 
they shall not be cut out of the market 
through lack of enterprise with newer types 
of materials. Already one of the biggest 
Scottish firms in the paper and allied indus- 
try has made big strides in its plastic 
activities and is promising still further 
developments in the use of plastics in indus- 
try. This has encouraged other firms to 
venture into plastic activity, and it is under- 
stood that considerable progress has been 
made to date on war-time contracts. The 
possibility of wafer-type plastics being 
adopted as an alternative to card or straw- 
board has been obvious and has forced 
paper makers into new experimental work 
to still further develop their product in 
competition with the newer types. In this 
a considerable degree of success has 
been achieved, the most notable being the 
production of waterproofed paper board for 
export use, a sphere in which plastics have 
not yet been adopted and in which paper 
makers foresee a post-war future. 


SOUTHAMPTON PLASTICS.—In _ co- 
operation with the Southampton Educa- 
tional Authorities, the Southern Section of 
the Institute has organized the following 
Plastics Courses, all at University College, 
Southampton:— 

1. ‘‘ Preliminary Chemistry Course,’’ 
primarily for young people, for one half-day 
on Thursdays. Lecturer, Dr. S, H. Harper. 

2. ‘‘ General Course on Plastics,’’ each 
Friday evening at 7.30 p.m. in the Physics 
Lecture Room. Lecturer, Dr. H. Barron, 
Fad. 

3. A Course of Lectures and Practical 
Work in ‘‘ The Chemistry of Plastics,’’ in 
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the Chemistry Dept., on alternate Saturdays 
at 2.30 p.m. Lecturer, Dr. H. Barron, 
F.C. 

4. A Course of Lectures on ‘‘ Processes 
and Technology of Plastics,’’ on alternate 
Saturdays at 2.30 p.m. Lecturer, Mr, F. 
Halestrap. Demonstrator for Chemistry 
and Technology, Mr. A. McAulay. 

These Courses commenced on Friday, 
October 1, 1943. 

All inquiries should be addressed to:— 
Capt. Teare Harry, The Technical Officer, 
University College, Southampton. 


TRAINING WITHIN INDUSTRY 

In view of the growing stringency in the 
supply of labour for the munitions “and 
other industries, it is mecessary for 
employers to pay the closest attention to 
the efficient utilization of labour. In par- 
ticular, quicker and: more effective measures 
for training new entrants than those which 
often served in peace-time are now required. 
Practically all new recruits, even those to 
be employed on relatively unskilled work, 
will benefit from systematic training instead 
of being left to “‘ pick up’”’ the job by 
trial and error methods. Inadequate train- 
ing of new workpeople is frequently respon- 
sible for excessive labour turnover, injuries 
to workpeople, damage to plant, excessive 
production of scrap and low production per 
head. The Minister of Labour and National 
Service therefore wishes to call the atten- 
tion of employers to the need for reviewing 
the arrangements for training in their fac- 
tories and for taking steps, where necessary, 
to improve them. 

In order to assist employers in setting up 
and developing such arrangements, the 
Ministry of Labour and National Service, 
which has trained over a quarter of a 
million men and women at Government 
Training Centres for the engineering 
industry alone, has made available special 
facilities which are outlined in a leaflet 
(P.L.125/1943), copies of which can be 
obtained from any Local Office of the 
Ministry. 

The facilities available include the supply 
to employers of a manual (P.L.128/1943) 
dealing with the best methods of training 
new staff for production work, the provision 
of opportunities for selected managerial 
representatives to visit a Government 
Training Centre or other suitable establish- 
ment in order to study methods of training 
on the spot, and arrangements for Technical 
Officers of the Ministry with special know- 
ledge of training problems, to visit factories. 
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Clothing Coupons 


In answer to an inquiry about clothing 
coupons, we accidentally suggested in our 
last issue that additional coupons were 
now available for plastics workers on the 
same scale as in 1941-2, the first year 
of rationing. We understand that in fact 
the Board of Trade has decided, in con- 
sultation with the British Employers’ 
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Confederation and the Trades Union 
Congress, to repeat for the current period 
the ‘‘ Industrial Ten ’’ supplement issued 
to manual workers during 1942-43. 
Details of the scheme are at present under 
consideration, and a public announce- 
ment will be made when these discussions 
are concluded, giving details of the types 
of workers eligible and the method of 
application. 








BRITISH PATENT ABSTRACTS 


555,409. Improvements in _ Struc- 
Application: tural Materials. E. R. Angel. 
29.12.41. The disadvantages of hav- 
Granted: ing to cure under high pres- 
23.8.43. sure fibrous materials which 


are impregnated with thermosetting resins 
is, it is claimed, overcome by impregnating 
the basic material with a phenol-formalde- 
hyde or urea-formaldehyde resin, or with a 
thermoplastic resin, drying, applying heavy 
pressure to the sheet and moulding and 
hardening under lower pressure. The heavy 
pressure may be applied by calendering, the 
final moulding being carried out at 100- 
300 lb. per sq. in. An excess of binder over 
that required for impregnation may be used. 


554,923. Improvements in and relat- 
Application: ing to Resinous Moulding 


10.12.40. Compounds, British Thom- 
Granted: son-Houston Co., Ltd. 
26.1.43. A method of making a heat- 


hardenable resinous moulding composition 
comprising a filler, an aminoplast, e.g., 
urea-formaldehyde resin, and an aryl com- 
pound having attached to the aryl nucleus 
a sulphonamide radical and a radical having 
the structure—NHCONH,. Examples of the 
plasticizers used are p-ureido-pheny] sul- 
phonamide and _p-ureiod-phenyl-sulphon- 
propyl-amide. 


554,988. Improvements relating to 

Application: the Finishing of Textile 
29.1.42. Fabrics. Calico Printers 
Granted: Assn., Ltd., and J. S. 
28.7.43. Ingham. 


A urea-formaldehyde type resin is used for 
the permanent filling and stiffening of fabrics 
by impregnating the fabric with an alkali 
such as potassium hydroxide and_ subse- 


quently applying the resin in a syrup form, 
and heating to convert the latter to an 
insoluble resin. 


554,920. Improvements in and relat- 
Application: ing to Flexible Abrasive 
21.7.41. Articles, for example, Sand- 
Granted: paper and method of making 
23.7.43. the same. Minnesota Mining 


and Mfg. Co. 

The use of methyl methacrylate or ethy!- 
acrylate resins as bonding agents for the 
abrasive grains used in sandpaper manufac- 
ture. The flexibility of the paper or cloth 
so produced may be varied by controlling 
the hardness of the resin. 


555,419. Improvements relating to 
Application: Filter Bodies for Liquids. J. 
17.2.42. May and R. S. Brownlow. 
Granted: Filter bodies, such as those 

23.8.43. made from fired ceramic 


materials, are treated with an aqueous solu- 
tion of urea-formaldehyde resin and subse- 
quently heated to harden the resin. Excess 
solution may be removed from the filter 
body by means of a blast of air and 
plasticizers, and foaming agents can also be 
added to the resin solution. “It is claimed 
that the porosity of the filter body can by 
this means be controlled. 


555,427. Improvements in and relat- 
Application: ing to the Mounting of Photo- 


19.2.42. graphic prints and analogous 
Granted: articles. H. Harper. 
23.8.43. A photographic print or 


similar article is imbedded in a thermo- 
plastic, with the back and print parallel to 
the plain surfaces of the print, so that the 
latter is observable from both sides. Methyl- 
methacrylate is a suitable moulding material. 
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The Detection and Elimination of 
Some Common Faults in 
Plastic Mouldings 


Some Explanatory Practical Notes upon 
the Causes of a Number of Commén 
Undesirable Features Encountered 
in Moulded Articles, Together with 
Useful Indications for Their Rapid 
Detection, Avoidance and Cure 


HE manufacture of articles from the 

various plastic materials by the now 
well-known moulding processes has made 
tremendous advance during late years. 
So extensive and indeed phenomenal has 
been this development in the production 
of components diverse in function, shape, 
size control and qualities, that many erst- 
while users have been led to embark 
upon actual moulding manufacture them- 
selves in endeavours still further to derive 
additional gains from the economical 
possibilities inherent in the process. 

As in other industrial manufacturing 
processes that of plastic moulding pre- 
sents numerous operational difficulties 
and snags, which normally are only 
avoided or satisfactorily overcome as a 
result of a complete understanding of the 
manifold intricacies of the process, 
specialist knowledge of the peculiarities 
of material behaviour, and protracted 
intimate practical experience of pro- 
duction. 

The ensuing notes, which are directed 
towards practical measures to be adopted 
for the discernment and overcoming of 
some of the chief types of moulding 
faults, are gathered together in an 
endeavour to afford some _ guidance 
especially to those user-manufacturers 
who perhaps may feel they lack that 
degree of practical experience and skilled 
technical understanding of the process so 
essential for satisfactory trouble-free 
moulding practice. 

Such user-manufacturers have two 


By 
W. M. HALLIDAY 


courses open to them; on the one hand it 
is essential to obtain a complete under- 
standing of the subject in order that they 
may be competent to handle any snag 
which may arise, or alternatively, reliance 
has to be made upon the guidance and 
advice of trained specialists. The gain- 
ing of such practical experience is usually 
a lengthy and costly business, but from 
the personal angle is often the most valu- 
able and successful. In the building of 
such skilled experience the user may 
become discouraged by the complexity of 
some of the difficulties and the elusiveness 
of successful remedies. 


Two Classes of Faults 


Such manufacturing snags are usually 
twofold. 

On the one hand a large number of 
faults and difficulties are directly asso- 
ciated with the material or powder 
employed, due to deficiencies in its com- 
position, unsuitability for process or 
purpose of moulded article, improper 
moulding practice and so on. Then 
there is a whole bunch of equally 
important and serious faults arising out 
of the moulds, moulding machinery and 
mechanism of plant generally employed. 

The results of such faults, whether due 
to materials or moulds, are at best very 
unsatisfactory mouldings entailing con- 
siderably added labour and expense in 
rectification, where such is possible, and, 
at the worst, excessive scrapped parts 
with resultant wastage of time, labour 
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and plant hours due to production falling 
below economically profitable levels. 


Prompt Discovery of Faults is Important 


In the avoidance of waste due to 
development of faults, one of the prime 
requisites is that their detection should 
be noted at the very outset of production 
whenever possible. Such rapid initial 
ascertainment of snags, etc., coupled with 
a trained and intelligent appreciation of 
the possible cause and most suitable 
remedy, will very greatly assist pre- 
vention. 

Obviously, unless faults are discerned 
and remedied in the very early stages of 
production, large numbers of faulty or 
unsatisfactory parts may be fashioned 
whose rectification or scrapping may 
involve great expense. 

Again, where large numbers of faulty 
parts have been made before faults have 
been noted or acted upon, the maker is 
often inclined to allow numbers of 
‘* border-line cases ’’ of such faulty parts 
to be accepted in order to reduce the loss 
which otherwise he would have to bear. 
Such actions, in many instances, result in 
further trouble and dissatisfaction, as the 
customer may be led to make complaints 
about such components. 


Rectifying Faults 

In the case of some classes of plastic 
moulding materials it is relatively easy 
and inexpensive to obtain a very satisfac- 
tory correction of certain types of faults, 
whilst, in other cases, considerable 
difficulties may arise because of the 
unusual physical or chemical charac- 
teristics possessed by the material. This 
distinction will be clear by bearing in 
mind the two broad main types of plastic 
materials which are now available and 
widely used. 


Thermoplastics 
This class of material undergoes no pro- 
found chemical change when heated or 
subjected to pressure. The moulding 
operation is one essentially of softening 
followed by a cooling and solidifying 
stage. Such moulded articles may 


PLASTICS 





OCTOBER, 1943 


readily be resoftened and moulded again. 

Likewise, any production residues, 
such as waste sprues, runners, gates, etc., 
as well as scrapped components, may be 
used over again, within reasonable limits, 
of course. Care should be observed lest 
such repeated usage of wastes results in 
an impairment of the  plasticizing 
elements of the virgin »material with 
which they are mixed. If this should 
occur, very troublesome and puzzling 
deviations or imperfections in the finished 
article wil! inevitably arise. 


Thermosetting or Re-active 


On the other hand, this type of 
material undergoes a distinctive chemical 
change under influence of heat and pres- 
sure during moulding operation which 
results in a permanent, insoluble, 
infusible, hardened and non-reversible 
featurization of the finished product. 
This class of material cannot, obviously, 
be re-used as with those of the former 
type. Therefore, any scrapped parts 
must be treated as dead loss, since there 
is little hope of successful practical 
recovery. 

The method to be adopted throughout 
the ensuing compilation of faults and 
their respective cures is as follows:—In 
the first place it is again emphasized that 
this present article is chiefly concerned 
with some of the commoner forms of 
snags and difficulty, and is not an 
attempt at an exhaustive analysis of all 
moulding faults. 

First, the faults due to moulds, setting- 
up and mechanical plant, etc., will be 
dealt with. Next, various fault features 
will be described dealing with the 
thermosetting compounds first, followed 
by the thermoplastics. Such description 
will aid identification of faults by those 
not very familiar with them. 

Each fault description will then be 
followed by the probable cause or causes, 
in turn followed by suggestions as to best 
cures or remedies to be applied for their 
successful elimination. 

Dealing now with these various points 
of faults and their detection as just inti- 








OCTOBER. 1943 _ PLASTICS 
PLASTICS stecratcacavpuicarions 


VANITY. 


REGISTERED 
TRADE MARK 


RESIN MOULDINGS 


A Moulded Resin without filler, 
which has outstanding electrical 
properties. {t can, if necessary, be 
produced in small quantities with- 
out special — and is particularly 
suitable oe intricate applications 
under sev conditions 
Write for “ sr No PX-2:4! ane 
No PM-1:42 


PAXOLIN 


REGISTERED 
TRADE MARK 


SHEETS & TUBES 


Only half the weight of 
aluminium, yet tough and 
easily machined. PAXOLIN 
lends itself to a multitude of 
mechanical as well as electri- 
ca! applications 


Write for Pamphlets No PN-1/4! and 
No PM-1/42 


THE MICANITE G-INSULATORS 


COMPANY LIMITED, 
WALTHAMSTOW, <“iS> LONDON, £.17. 


Telephone: LARkswood 1044 (Pte. Br. Exch) 





xxii PLASTICS OCTOBER, 1943 
e 
Doing 
e 
the job! 


It is not always a question of metal 
substitution. Plastics correctly adapted 
may be the right material for the job. 







Save those machining operations. Have 
it moulded by :— 
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mated it will be advisable to commence 
with the subject.of the forming moulds 
because these are the more fruitful cause 
of some of the most serious objectionable 
faulty features. Very often costly errors 
in sizing, dimensions, finish, surface 
blemish and the like are found to be the 
result of imperfect moulds. 


(a) Mould Design 

In this respect it is manifestly good 
practice, as well as economical for the 
purchaser of mouldings, to encourage the 
manufacture of high-grade moulds and 
tools necessary for production. Incor- 
rectly fashioned or designed tools, or those 
of inferior materials or poor workman- 
ship, may be the cause of innumerable 
operational snags because the moulding 
made will just as faithfully exhibit mould 
imperfections as well as its more desirable 
features. If for no other reason than that 
of smooth working and _ trouble-free 
mouldings, the design, construction and 
use of precision moulds should be con- 
ducted with considerable skill and care. 
Particularly should careful usage be 
afforded them by machine or press 
operators so that original accuracy and 
quality of tools be maintained. 
(b) Mould Cavity Balanced Disposition 

To ensure smooth working of mould 
and free flow of material, the layout of 
cavities should provide a balanced loca- 
tion of all feeding runners, gates, and 
ejector mechanisms. Unless this is care- 
fully watched, some cavities may be too 
remotely located from feeding sprue, 
which, in turn, will lead to partially 
formed mouldings, pre-chilling of 
material, interruption of its flow, exces- 
sively porous mouldings. It is also 
easily possible to arrange the cavities in 
mould in such a manner that the ejector 
plate and operating gear is subjected to 
unequal pressure, leading, in turn, to dis- 
torted mouldings during ejection. 


(c) Heating and Cooling of Mould 

The correctly constructed mould should 
also be provided with efficient heating 
and cooling means permitting regular 


over its This 


control temperature. 
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mould manufacture is often 
overlooked until after mould 
has been completed and tested, when 
sometimes it is too late then to make 
structural changes necessary for proper 
heating or cooling facilities. Many 
operating troubles are caused because of 
inadequate spasmodic control of mould 
heat. 

When mould temperature is too hot, 
mouldings exhibiting a scarred or blis- 
tered surface will result. There may 
even be a charring of material. 

A too-cool mould will cause mal- 
formed or even incomplete mouldings 
due to too rapid surface chilling and 
partial solidification with more or less 
serious interruption of material flow 
before cavity or cavities have been 
completely filled. 

The remedies for such troubles 
obvious. 

First, mould temperature should be 
checked to ascertain not only correct 
level, but also extent of variations over 
a period of production at average speed. 
Adjustments will then naturally present 
themselves. Very often it may be found 
that the method of working the press or 
machine results in a rapid building up 
of mould temperature. Where very 
quick or lengthy runs are made the mould 
will tend to get overheated. Intermittent 
operation should similarly be avoided as 
this will result in wide variations of 
mould temperature and increased diffi- 
culty of controlling sizes, surface finish 
and other features of moulded piece. 


aspect of 
somewhat 


are 


(d) Thermostatic Heat Control 

Touching upon this important subject 
of mould temperature it is now becoming 
increasingly more frequent for makers to 
equip moulds and presses with automatic 
thermostatic control means. Where such 
are installed users should remember that 
even this will not altogether obviate of 
itself undesirable heat variations. The 
machine and moulds need to be situated 
welj out of reach of cold draughts, chilly 
atmospheres, otherwise portions of mould 
may be reduced unduly in heat in com- 
parison to rest of mould. 
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fe) Faulty Fixture of Mould to Press 


Another very common source of mould- 
ing operation troubles and faulty parts 
is to be found in the fitment of mould 
press platens. Unless the mould is accu- 
rately and firmly fixed there will be con- 
siderable risk of so twisting and distorting 
the mould blocks, shoes, and other work- 
ing parts of construction as to make for 
very stiff working of mould. Thus ejec- 
tor rods, dowels, guides, slides, cores, 
etc., may all be stiffened in the degree of 
their working, leading to seizure, faulty 
positioning of ejectors and unsightly 
marking, scoring, or distorting of finished 
moulding. The surface may be badly 
marred by the presence of punched holes 
caused by wrong position of ejector rods 
or push-off plate due to stiffness. Stiff 
working of mould may also interfere with 
its correct closure, thereby resulting in 
excessive flash, and thickening of wall 
portions of moulding. 

One very important point somewhat 
relating to this subject of mould fixture 
is that of the stiffness of mould forces. 
These should be of sufficiently thick 
cross-section to resist adequately the pres- 
sure imposed during moulding. Particu- 
larly is this necessary in the case of injec- 
tion moulds where tremendous pressure 
may be subjected to moulds. Unless care 
is taken the provision of water-cooling 
channels surrounding mould matrices, 
sprues, etc., may inadvertently cause a 
weakening of cavity wall with consequent 
risk of their warpage or even collapse. 
Where such cavity walls are too thick 
serious differences in dimensional features 
of finished mouldings will be noted, as 
well as badly scorched and blistered sur- 
face patches. 

Thus the remedy for all the foregoing 
troubles is to ensure upon testing the 
mould that every part works freely, that 
it is securely attached to ram, or machine 
slides in‘such a manner as to bring both 
mating forces or blocks perfectly in align- 
ment. 


Material Temperature 


The next important factor to be con- 
sidered apart from that of moulds is the 
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heat of material. Numerous deleterious 
features arise as a result of unsuitable 
heat conditions employed in conjunction 
with material. The following considera- 
tions should be borne in mind :— 

(1) Just as it is essential to maintain 
mould temperature at correct levels and 
having small range of variation, it is 
similarly necessary that» the moulding 
material shall be sufficiently heated, com- 
pressed and cooled to provide for correct 
curing. The curing time stipulated by 
the powder manufacturers should, of 
course, be strictly adopted and in the 
case of continuously unsatisfactory work- 
ing, departures of such time should only 
be made after every other factor has been 
carefully investigated to find the source 
of trouble. 

(2) The application of excessive heat to 
material may destroy or impair the plas- 
ticizing agent, thus leading to poor flow, 
imperfect polymerization, or partial 
formation of article, whilst on the other 
hand too low a temperature will entail 
skin solidification of article, with only 
partial cure of internal structure, thus 
resulting in a moulding which will pos- 
sess unusually wide size variations, low 
strength due to internal softness, and a 
brittle, poor surface. 

(3) Some harmful effect upon curing of 
the plastic material may also be produced 
as a result of too great absorption of 
moisture which might arise during stor- 
age, for example, although it should be 
remembered that some powders possess 
considerable capacities for absorbing 
water. 

Thermosetting Compounds 

Dealing next with the faults arising in 
the use of this class of materials character- 
ized by the well-known materials 
indicated by the phenolics, hard-rubbers, 
ureas, phenol-formaldehydes, phenol - 
fufural, etc., below are appended some of 
the common undesirable features and 
their cause and cure. 


(a) Formation of Heavy Flash 

Very often it will be found that the 
moulding possesses a thick and heavy 
flash which is very unsightly and more- 
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over extremely difficult to remove without 
leaving bad scar on surface of part. 
This feature may arise from a variety of 
causes such as :— 

(a) Insufficient moulding pressure per- 
mitting opening of mould forces during 
moulding. (b) Surplus plastic material 
from a previous cast lodging between mat- 
ing faces of mould blocks preventing their 
closure. (c) Mould block surfaces may 
also be bruised or warped, again failing 
to close properly and so providing only 
partial sealing-off of material. (d) Fhe 
material may also be _ inadequately 
softened during cure because of insuffi- 
cient heat, or, again, (e) an excessive 
charge is being fed to mould cavities. 
(f) The resin content of material may be 
too low, resulting in sluggish flow. 

The remedies for such thick flash are 
then as follow :— 

Where the trouble is suspected to lie 
with the mould, this tool should be care- 
fully inspected and tested for bruises, 
warpage, and secure fixture to platens. 
The pressure on mould blocks should also 
be tested in the following manner. First 
the ram should be gently lowered until 
forces are lightly in contact with each 
other, and then their mating faces should 
be tested by fine feeler gauge for contact. 
This done to satisfaction, full pressure 
should be applied and a further feeler- 
gauge test made. If the pressure pro- 
duces no distortion the feeler gauge will 
find no entrance at the second test. 

Next the pressure and temperature 
levels should be checked, together with 
the quantity of material being fed. This 


can be readily adjusted by altering the. 


size of pellet or powder charge per shot. 
Should attention and adjustment along 
the following lines fail to produce any 
improvement in condition of flash, then 
a higher grade powder should be tried, as 
the fault will most likely be due to poor 
flowing features inherent in compound 
being employed. 
(b) Incomplete or Ill-formed Mouldings 
Badly formed, porous mouldings pos- 
sessing sponge-like patches, blow-holes, 
etc., are often due to insufficient supply 
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of material, inadequate air-venting of 
moulds, or insufficient feeding channels or 
gates to matrix. 

The obvious remedies are first to assure 
that mould feeders in the shape of runners 
and gates are ample in area, then also 
to test adequacy of air-vents or to increase 
material charge to moulds. 


(c) Blistering 

Blisters on the surface of a moulding, 
whether generally disposed or isolated in 
patches, may result from several causes. 
Sometimes a few very large blisters will 
be noticed; at other times clusters of 
minute blisters only will show. Again, 
blistering may be noted having a 
whitened or bleached appearance on the 
surrounding areas. A cracked-looking 
effect may also sometimes be observed. 

Generally, blisters are caused by over- 
heating, and, in the case of bleached blis- 
ters, very excessive temperatures are 
denoted. Blisters may also frequently 
arise as a result of inconstant widely fluc- 
tuating material and mould temperatures. 

Blistering | accompanied by = an 
unpleasant smell, as of formalin, some- 
times are encountered, and denote that the 
material is only being partially poly- 
merized, due to too low temperature. 

The obvious way to overcome blister- 
ing effects due to above causes is to 
attend to all those mechanical and 
external conditions affecting temperature 
and its control, so as to render it as stable 
as practicable. 

Blisters may also be due to trapped air 
in mould cavities. One very common 
reason for this lies in the moisture absorp- 
tion of material. Those compounds 
having an initially low water content are 
prone to have a troublesome high water 
absorption rate. When moulding is 
being cured, the heat generates excessive 
quantities of gas or steam, which, if 
trapped in cavities, will prevent proper 
filling, etc. 

These harmful effects may often 
be entirely eliminated by allowing the 
press platens and mould forces to close 
very gently under light pressure until 
mould is being raised to correct tempera- 
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ture. Then the full pressure should be 
applied rapidly for curing. This pro- 
cedure allows a slight interval free from 
maximum pressure to permit trapped air 
to find its outlet. 


(d) Repeated Sticking of Moulding 

This is another very common, trouble- 
some difficulty, often causing damaged 
or distorted mouldings, and usually arises 
from the following causes :— 

(a) Too high temperature of material 
causing too rapid and partial curing, 
with arrest of flow to other portions. 
Again, damp powder may be to blame, as 
this results in the creation of gases within 
the confines of mould matrices, which, in 
turn, cause malformation of part. 

(b) The mould ejecting mechanism may 
also be faulty, due to stiffness, misalign- 
ment, or damaged members. Or the 
ejector rods may be too slender, present- 
ing too small end surface to walls of 
moulding, cutting into same instead of 
pushing it out of cavity. 

(c) The mould cavity surfaces may also 
be faulty in that minute undercuts, 
scratches, or roughening are present, to 
which the finished moulding surface 
tends to adhere. 

(d) Some attention to venting will also 
produce beneficial results. 

General remedies are: Checking of 
mould temperatures, together with length 
of curing time. Mould faces and ejector 
mechanism should also be carefully 
tested, and there certainly should be an 
examination of mould cavities and cores 
to detect tiny undercuts or scratches at 
right angles to direction of withdrawal. 

Where such endeavours fail to produce 
the desired effect, the trouble may be 
attributable to damp material. Should 
this be so, it should be pre-heated in a 
separate oven to about 60-70 degrees C. 
before charging’ into moulds. Care 
should be taken lest this temperature is 
raised too high and so bring about a 
partial pre-polymerization. 

(e) Plainly Visible Bloom 

Very often moulded parts exhibit a 
plainly visible ‘‘ bloom ’’ which may be 
either generally disposed or located in 
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large patches on its surface. This may 
be due to the plastic having been partially 
cured before the application of full com- 
pression. Low temperature may also 
sometimes produce a very similar bloom, 
although close examination of the 
affected portions under magnifying glass 
will usually reveal slight disintegration or 
cracking of surrounding surfaces together 
with the bloom. 

Here, again, the causes may be insuffi- 
cient curing due to the failure to apply 
the pressure at exactly the same instant 
as commencement of curing time. 

The necessary corrective steps indicated 
here are:—First, a test for simultaneity of 
pressure application with that of mould 
closure and beginning of cure. Tests of 
grade of powder might also usefully be 
made to find one having a slightly longer 
curing period. 


(f) Chalk-like Surface Appearance 

Certain moulding conditions produce 
components having a chalky dull white 
surface in either patches or of a more 
general nature. This is usually because 
the material is caused to undergo 
too rapid a polymerization, because of 
overheating of portions of mould. Any 
influence causing interference with 
material flow also tends to produce similar 
effects. 

Again, the remedies are closer regula- 
tion and control of material and mould 
temperature. Some examination of the 
feeding runners might also be made to 
detect whether sudden alterations in line 
of flow are being imposed on plastic due 
to their shape or lodgments from previous 
shots. 


(g) Soft Moulding Composition 

Sometimes when a moulded article is 
ejected a certain degree of softness may 
be noted. Also upon cooling to normal 
temperature very violent variations in its 
shape and dimensions may occur. 

The cause is usually due to insufficient 
heat leading to too short a curing period, 
or to excessive heat and a consequent pre- 
polymerization imparting a hard skin to 
moulding but leaving the core structure 
soft because of the improper cure. Thus 
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considerable internal strains will be set 
up consequent upon cooling and shrink- 
age, leading to drastic shape and size 
alterations when cold. 

A ready, simply applied, and inexpen- 
sive test to determine without trouble the 
sufficiency of cure is to be made by 
immersing the finished moulded article 
in clean boiling water, maintaining the 
boil for about 20 to 25 minutes, then 
removing article. If it is under-cured a 
slight disintegration will be noticed on its 
surface as well as the presence of a white 
chalk-like bloom thereon. 


(h) Wavy-rippled Surface 

Should the moulding show prominent 
flow lines, creases or ripple effects, these 
may result from several causes, such as:— 
Under-curing, damp powder, or imperfect 
combining of two materials in compound 
due to their possessing different charac- 
teristics whose granules tend to plasticize 
singly. Where the flow of one granule of 
one material ends and joins with that of 
another type’s flow cessation, a distinct 
but faintly raised mark or ripple will 
show on moulded surface. 

These conditions will chiefly arise in 
connection with heavily loaded com- 
pounds containing pigments and dyes, or 
in the case of multi-coloured mixtures 
whose constituent materials have different 
hardening temperatures, and where poly- 
merization of one constituent may occur 
before the flow of other constituents has 
entirely ceased. Hence creasing and 
ripple-like flow lines are formed on 
surface. 


(i) Poor Surface Finish 

Very often mouldings are found to pos- 
sess very poor surface finish with marked 
lack of lustre, staining and patchy dull- 
ness. These may be further worsened by 
the presence of slight undulations on 
moulding surface. 

These may result from employing a 
compound having too low a resin content, 
but nearly always the condition of mould 
cavities will be found the real cause. 

Remedies consist in the employment of 
a richer resin powder, or in the use of 
a lubricant on the surface of the mould 
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cavity. Aluminium stearate used very 
sparingly will generaily be found advan- 
tageous and will assist considerably in 
reducing the above ill-effects. 

The soundest method is to remove 
mould and examine cavity surfaces, etc., 
and to subject them to a further polish- 
ing operation. 

(j) Opaque Patching 

Several compounds in this thermo- 
setting group, such as, for instance, urea, 
thio-urea, or the amino plastic materials, 
consist of finely ground .powders which 
contain large amounts of occluded air. 
Use of such materials obviously entails 
the risk of this air being trapped in 
moulds which will usually be denoted by 
the presence of opaque patches or slight 
blistering upon surface of moulded 
article. The best remedy for this feature 
is to arrange some simple means for 
removing the occluded air from material 
before it is fed into moulds. Forming the 
powder into dense pellets will also assist 
as the pelleting operation itself tends to 
release some of the air. 

Occluded air may be removed from 
powder, however, by a pre-heating pro- 
cess in a separate oven. 

The foregoing then are some of the 
chief faults likely to be met with in the 
use of thermosetting compounds, and 
once again it is stressed that faulty or 
scrapped parts cannot be rectified in 
respect of any surface imperfections, size 
discrepancies, blistering, plainly visible 
flow lines, creasing, etc., as the configura- 
tion of mouldings is permanent. 

The mechanical, electrical and certain 
other physical features may, however, 
be permanently secured or restored as 
when partial polymerization has occurred 
by subjecting the articles to a subsequent 
heat treatment in a stove for a short 
period so as to accomplish completion of 
cure. 

The Thermoplastics 


Next to be considered is the second 
important material group under above 
heading, which is usually moulded 
under the injection process. Typical 
examples of this group are the acrylic 
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resin compounds, styrene mixtures, cellu- 
lose-acetates, cellulose-nitrates, etc. 

All that has already been written under 
the heading of Moulds and Machines is 
equally applicable to materials in this 
group. Greater attention should if pos- 
sible be devoted to the construction, 
design and working of moulds, as usually 
tools employed for the injection-moulding 
process demand greater precision and 
accuracy and smoother working. 


(k) Smudges, Surface Marks 

These may be noted distributed over 
whole surface or in parts only of moulded 
article. 

They usually arise from faulty or inade- 
quate gating of moulds, as a too-small 
gate entry may cause the trouble. Narrow 
or restricted gates interfere with the flow 
of material, thus allowing portions to 
solidify in contact with mould before 
entire shot is ‘‘home.’’ Failure to 
exclude trapped air or gas from cavity 
will also be a contributing cause. 

To eliminate, some attention must be 
given to condition of gates making slight 
adjustments with file until satisfactory 
flow conditions are secured. Venting of 
the mould should also be tested and 


adjustments made here where necessary. ° 


(1) Flash 

Injection mouldings are very prone to 
excessive flash, much more so than in the 
case of compression mouldings. This 
condition may result from either a faulty 
closure of mould blocks, due to lodging 
surplus material, warpage of forces, or a 
disproportionate pressure between injec- 
tion cylinder and mould-locking arrange- 
ments so that the mould blocks are forced 
apart slightly at the instant of injection. 
Long runners will also tend to produce 
flash as well as tending to chill the 
material before reaching cavity. 

To remedy such snags and faults one 
should examine carefully the mould’s 
testing degree of lock, the presence of 
lodging pieces of material between blocks, 
and accurate closure when under full lock. 
This clamping pressure should also be 
checked against that of the injection 
cylinder. : 


Y 
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Runner length and size of gates should 
also be checked, and where possible thé 
cavities should be fed as direct and along 
the shortest tracks as possible. 

Respecting injection pressures it is 
customary, by the way, to reckon half 
the pressure on injection piston as being 
transmitted to the mould. Thus, if the 
pressure on injection piston is equal to, 
say, 5 tons and is conveyed to a mould 
block area of 10 sq. ins., the total pres- 
sure tending to open moulds will be 
25 tons per sq. in. and not 50 tons per 
sq. in. as would be the case assuming 
thermoplastic materials to behave in same 
manner as oil or water or other liquids. 

The reason for this is that thermo- 
plastic materials set up their own resist- 
ance by reason of chilling action upon 
their entry into the much cooler mould. 
Hence the pressure tending to open the 
moulds is considerably reduced down to 
approximately half that of a liquid. 

This information will afford some guid- 
ance on the question of locking pressures 
needed to maintain mould blocks closed. 
Ample reserve should always be held, of 
course, so as to ensure against pressure 
variations set up in cavities due to differ- 
ent cross-section areas or thickness of 
moulded part. 


(m) Flakes and Bubble-like Surface 

Conditions 

Mouldings may be produced from time 
to time having numerous bubble-like 
projections throughout their surface 
slightly raised above rest of surface. Or, 
again, flake-like patches may be noticed. 
Charred edges of moulding adjacent to 
bubbles might also be observed in some 
cases. This condition will arise because 
of the generation of heat as the trapped 
air or gas is violently compressed. This 
is the cause of the bubble-like appear- 
ance. 

It is estimated that in the injection 
moulding process any air normally exist- 
ent within the confines of the mould 
cavity when mould is closed and no air 
outlets exist will be compressed under 
usual working pressures now employed so 
much as to cause it to occupy but 
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1-500th of its normal atmospheric 
volume. Thus air will tend to find exits 
provided the slightest gap presents itself. 
Failing this, partially formed mouldings 
result in extreme cases or marred-surface 
appearance results. 

The above fact on air compression will 
illustrate the imperative need for suffici- 
ent air vents being provided on mould 
blocks so as to provide guided exits for 
air. Where possible such vents should 
follow along the same lines as the normal 
flow of plastic injected. The vents need 
be no more than faint scratches. 

In the case of deep-cored holes it may 
also be necessary to provide air channels 
along the sides of core members to assist 
egress of air. It is best to proceed by 
trial and alteration in depth of vents by 
degrees. 


(n) Short Mouldings 

Partially formed or ‘‘ short’’ mouldings 
are often produced, these being due to 
insufficient air vents or too large vents. 

This latter condition should be 
guarded against because if vents are made 
too large they permit material to pass 
and escape before mould is filled at final 
pressure. Thus care should be taken 
when altering air vents lest too great 
a depth or width is made. 

Baffles may sometimes be incorporated 
in mould cavities so as to control and 
direct the flow of air which is swept along 
very forcibly ahead of incoming injected 
plastic. These means naturally incur 
some slight indentation upon the mould- 
ing surface, therefore such baffles should 
always be located as to bring the indenta- 
tions upon a non-appearance surface. 

This method should only be adopted 
in cases where difficulty arises in allowing 
escape of trapped air by normal vents, as 
there is a risk of causing other equally 
disadvantageous features due to excessive 
turbulence and disturbance of flow. 


(o) Temperature Control 

Close regulation and control of material 
and mould temperatures is essential in 
this group of plastics and when employed 
in the injection method. 

Too great a heat will cause charring 
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and burning of the plastic materiai 
denoted by an unpleasant odour, and 
mouldings made from such faulty 
material should, of course, be scrapped, 
as they will not possess the usual stable 
and reliable physical characteristics. 


(p) Rejected Faulty Mouldings 

One advantage in the use of the 
thermoplastic materials, however, is that 
faulty parts as well as manufacturing 
wastes may be re-used. 

A word of caution is needed here, how- 
ever. The best course to adopt is for the 
moulder to arrange to resell such wastes 
back again to the powder manufacturer, 
who will usually be prepared to buy, so 
that he may arrange proper treatment to 
maintain flowing and polymerizing quali- 
ties of compound. 

If the user sets out to use his own 
scrap, it will be advisable to crush it into 
a fine powder or small granules and then 
to mix it in very sparingly with each 
charge. 

Because of the tendency of the plas- 
ticizers of these materials to evaporate 
as a result of frequent reheatings, there 
is a limit to which such scrap may be 
re-used without suffering a reduction in 
the general quality of mixture made. 

It is true that such a denuded material 
due to addition of scrap can be revita- 
lized, but, again, this is rather a specialist 
task and certainly should not be under- 
taken by any but the powder manufac. 
turer. 


Conclusion 

The foregoing notes covering several 
important aspects of moulding manufac- 
ture and some of the chief snags will 
serve as some guidance for the moulding 
engineer. Much more might be written 
dealing with the difficulties and ways of 
overcoming the same respecting various 
other forms of plastic production such as 
are embraced by the following processes, 
viz.:—Transfer moulding, extruding of 
plastics, laminated products, coatings, 
etc. It is hoped that a future article will 
be possible to deal similarly with these 
different branches of the plastic moulding 
process and their attendant snags. 
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SAMUEL JONES «COD 


lo-17 NEW BRIDGE STREET, LONDON. E.C.4 6500 


Use THE MASSON 
ROTARY CUTTER 


The Masson Rotary Cutter 
al ke reduces all kinds of Plastic 
Materials and_ synthetic 

rubber to uniform granules, 

5 RI \ () N 5 with complete freedom 
from dust. Any degree 


PI Q S i | C S of granulation obtainable. 


LOW H.P. HIGH OUTPUT 
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BLACKFRIARS ENGINEERING COMPANY LID. 


BLACKFRIARS HOUSE, NEW BRIDGE ST., LONDON, E.C.4 TEL:- CENTRAL 6383 
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IN ITS CLASS ety bad 
— AND BOTTOM 
iS THE FINEST POSITION 
MODERN LIFT- PUSH BUTTON 
CONTROL 


ING DEVICE. 


®GEO.W. KING LTD. "<i" 


HARTFORD WORKS, HITCHIN, HERTS 














CELLULOSE ACETATE 


CELLULOSE 
ACETATE SHEETING 


CELLULOSE ACETATE 
FILM 


COURTAULDS 


Tel.: Coventry 88771 





Foleshill Rd., Coventry. 
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But what wos” 
Newton’s 
Production Problem ? 


Just this: to make one reflecting 
telescope—only one—that 
would work. 

Design — cost —time.... all 
relatively unimportant. 
Even Newton could hardly have foreseen 
the vast fields of development which were 
laid open by his researches. Hardly a 
fighting machine to-day but owes some 
debt to Newton’s principle. Yet, once the 
new design has been proved, the worth of 
the invention is decided by output speed. 
“How many, how soon?” becomes the vital 
question, which only modern production 
control can answer. Kardex is helping 
many war industries to find the solution 
simply, smoothly, and with less clerical 
effort. 

te PRODUCTION CONTROL, by A. R. Jackson. 
The above booklet presents an outline of produc- 
tion control problems and practical solutions. 
Sent for 1/- post free on application to Dept. P.5. 
Kardex systems are available only to essential 
industries. 

VISIBLE CONTROL 

SYSTEMS 
1 NEW OXFORD ST., 


LONDON, W.C.1 
Tel.: CHANCERY 6888 


DIVISION of 
Remington Rand, Ltd. 
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for small 
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AVIS & TIMMINS E 


Head Office: BILLET ROAD - WALTHAMSTOW - LONDON ~ E.17 
*Phone: Larkswood 2244 & 4461 GH 9532 











PREOCCUPATION OF AN ELLISON EMPLOYEE 
CAUGHT UP IN THE ee. EFFORT . 











ELLISON INSULATIONS 


LIMITED 
PERRY BARR BIRMINGHAM 22B 
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Holly Grand 


TEXTILES 
PLASTICS 


are produced by 


THE HOLLINS MILL 
co. LTD. MARPLE 


CHESHIRE 





All Enquiries and Correspondence to 
5, PORTLAND ST., 
MANCHESTER, 1 
















YSON 


FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE CoLt? 
WOOLFOLD, BURY, LANCS, 


Telephone: Bury 1560-1 Telegrams :“Bysonite, Bury.” 














"MOULDS, DIES, JIGS, 
&- GAUGES FOR ANY 
PLASTIC PROBLEM 


214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 
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ARE USED 
IN EVERY 


INDUSTRY 


Pipeline identification, riveting, etc. 

(2) Sealing vents as protection against corrosion during shipment, etc. 
(3) Dope-proof covering, masking, cable identification, etc. 

(4) Sealing of ends of webbing and cord to prevent fraying. 

(5) Sealing of medicinal bottles, phosphates, shell cases, etc. 
Identification of wiring systems, coil winding, etc. 


Ask for additional uses in YOUR industry. 


MARGARET ST. LONDON WI 
Phone:MUSEUM 8246-7 











INDUSTRIAL TAPES LIMITED 
WANTED-STOCKS for CASH 


E are cash buyers of merchandise of 
every description. Clearance Stocks, 
Discontinued Lines, Surplus Stocks, in 
fact, goods of all kinds can be disposed of 
through us, without delay, on the most 
favourable terms, and without trouble. 
HOULD you have anything for disposal, 
either now or at any future time, please 
send us samples, full particulars and price At the present time Plastics are 

on a cash settlement basis. heat " be oh 
aying a r part in wa 
RELIANCE TRADING COMPANY, ein Dg lt asineriggerdiaind 
, Maresfield Court, production than ‘most people 

104, Finchley Road, imagine. 

LONDON - N.W.3. 


















PROGRESS 
IM PLASTICS 





Immense strides have been made, 
and peace-time will see it applied 
for uses far beyond the dreams of 
its earliest pioneers. 





If you are planning for the future 
let us discuss with you now how it 


Asn mast “ ALUM i i 
OF MEcHaniNe?: sou INIUM. YET TOUGH ano can be applied to your business. 


LENDS Sete 
TOA Mut 
WRITE £0; = & ELECTRICAL Titupe § 
Es R PAM 
Y, << ee wo. PW.i/41 TIONS. 

WGA 


MICANITE & THs 
COMPANY » LIMITED 


WALTHAMSTOW “«..SUDe" LONDON, E.17 
Teleph F 1 1044 (Pte. Br. Exch SOUPLEX LTD., MORECAMBE, LANCS. 
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to the specific re- 
quirements of our 
customers 


Makers of all types of 

Te products 

from the bar in all 
metals 


M-C-L ond REPETITION TO. 
Pool Lane: Langle irmingham. 








WANTED—ELECTRIC MOTORS, 
GENERATORS and ALTERNATORS of 
any size and voltage. Machines that require 
slight overhauling would be entertained. 
Also Switchgear, Panels, Steam and Diesel 
Generating Sets, etc. GEORGE COHEN, 
SONS & CO., LTD., WOOD LANE, 
LONDON, W.12, and Stanningley, nr. Leeds 





leg f 


NORTHUMBERLAND ST 


NEWCASTLE 
UPON TYNE. 


REDUCE NOISE 
INCREASE OUTPUT 


Equip «your workers with the 
appliance tested and proved by more 
than 25 years’ successful service :— 














the 


MALLOCK-ARMSTRONG 
EAR DEFENDER 


39, Victoria St., London, 8.W.1. Phone: ABBey 7/13 
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——PRODUCTION CAPACITY AVAILABLE— 


PLASTIC MOULDING. Advertisers have capacity available for 
small Compression Mouldings. Priority work only considered. 
Send enquiries Box No, 6281, c/o ‘* PLASTICS.” 77 /x2867 


————————. SITUATIONS VACANT ———— 


ESTIMATING DEPARTMENT of large plastics company in 
London area requires services of an experienced estimator, over 
30 or exempt from military service. Write, giving qualifications 
and salary required. Box No, 6438, c/o‘‘ PLASTICS.” 77/2 


HEAD FOREMAN REQUIRED. Experience in erection and 
maintenance of hydrauiic preree chemical plant, etc. London 
area, A.1l priority work. xcellent prospects. Write fuil 
particulars to Box 980, FROST SMITH ADVG., 64, sigs 7 
Pavement, E.C.2. /4 
HEAD FOREMAN REQUIRED for plastic laminating Pio 

London area. Excellent prospects. Write full details to 
Box 985, FROST-SMITH ADVG., 64, Finsbury Pavement, 
E.C.2. 77/3 
THE MINISTRY OF LABOUR AND NATIONAL SERVICE 
invites applications for the post of Assistant Chemist for Plastics 
Research in the laboratories of a large factory near London 
engaged on radio production. Applicants should be graduates 
and previous experience in plastics is essential. Salary £400 per 
annum or more according to experience. Applications should be 
sent to THE MINISTRY OF LABOUR AND NATIONAL 
SERVICE, CENTRAL (TECHNICAL AND SCIENTIFIC) 
REGISTER, Alexandra House, Kingsway, London, W.C.2, 
quoting reference F.1189X. 77/5 
THERMOPLASTICS. Commercial Manager wanted to take con- 
trol of new department buying and eapied in plastics. Please 
write fully to Box No, 6232, c/o ‘*‘ PLAST. 78/2078 








—————_——-_ WANTED ——_———__—__ 


CELLULOID OR ACETATE OFF-CUTS REQUIRED. 040-060 
thick, white or cream, 36 x 1} and 36 x 11/16, essential work. 
REMINGTON RAND LTD., Elveden Road, Park Royal, 
London, N.W.10 7W7/6 
GEORGE COHEN, SONS & CO., LTD., urgently require 
Vertical, Economic and other Boilers to fill enquiries from firms 
working in the National Interest. Any size entertained, but 
not under 80-lbs, pressure. Please send particulars of anything 
redundant to Wood Lane, London, W.12, or to Stanningley, 
near Leeds, 77/1966 
PLASTICS. Wanted to purchase for a special applicant, 
a PLASTIC MOULDING business for sale as a going concern, 
with or without Jig and Tool section; or a small Jig and Tool 
business to work in conjunction with plastics. Details in con- 
fidence to FULLER, HORSEY SONS & CASSELL, 10, Billiter 
Square, E.C.3. W77 
URGENTLY REQUIRED. New or secondhand copy of article 
on the See aer of plastics, printed in the ‘‘Aero Digest,” 

January, 1943, Volume 42, No.1. Kindly Send offers to Box 
No, 6473, c/ lo “PLAS TICS.”’ 77/8 


-——————— _ MISCELLANEOUS ———— 
ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 222/65 
BLACK-OUT MATERIAL. 

LANGLEYS’ BLACK FIBRE FELT and BLACK SCREENING 
have been freed from Control so that immediate delivery can 
be given for Industrial Black-out work. 

The cost is as low as 14. per square foot and samples will be 
gladly sent upon request, 

LANGLEY LONDON LIMITED, 161, Borough High wi 
London, 8.E.1. ’Phone: Hop 2946 (4 lines), 77 


DOHM LTD. can reduce thermoplastics to finest powders. We 
are pioneers in this work and our experimental station isat your 
service, 167, Victoria Street, 8.W.1. 87/2066 
GENTLEMAN WANTS TO INVEST about £10,000 in a going 
concern. Please write Box No. 6061, c/o ‘‘ PLASTICS.” 


80/1965 
MONOMARK. Permanent confidential eeop address. Letters 
redirected. 5/-p.a. Write BM/MONO76, W.C.1. + 80/1964 


NEW ELECTRIC MOTORS, 1} h.p. to 10 h.p., 400/440-volts, 
3-phase, 50 cycles; and 230-volts, single-phase. Immediate 
delivery for Essential Purposes. THE STERLING PUMP CoO., 
LTD., 29, London Road, Spalding. 77/x1822 


PULVERISING AND GRINDING UNDERTAKEN for the. trade, 
advice given and research undertaken at our experimental 
stations. DOMEWOOD, LTD., 167,Victoria 8t.,8.W.1. 82/080 


PUMPS, ALL TYPES. Power driven from 1” to 22°; hand 
operated from }” to 4”. Also "to 

sets; blowers and fans; tubular steei barrows and warehouse 
trucks; sack trucks; water barrows; ladders; bushman saws, 
etc., and many other items essential to industrial needs, Write 
for illustrated Catalogue X200. FARROW & SONS, LTD., 
Spalding. 79/2077 


WE HAVE all the facilities for Cleansing, Sorting and 
Grinding of any quantity of ne ee and Thermo- 
Plastic materials. KINGSTON PLASTIOS LIMITED, Unity 
Works, Union Street, Kingston-on-Thames, Telephone: 
Kingston 0217. 77/x1619 
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Tullis Rasssell + Co. Ltd. 


MAKERS OF 


BODY PAPERS 
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AUCHMUTY & ROTHES PAPER MILLS 
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